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KALDO PROCESS 


DOLOMITE 
BRICKS 


**341’? DOLOMITE bricks are manufactured from a dolo- 
mitic limestone which in the natural state approaches in 
chemical composition the mineral dolomite CaCO3. M3;CQ3. 


ROTOR PROCESS 


THE 


GENEFAX GROUP 


for Everything 
in Refractories 


‘341° DOLOMITE BRICKS 


SUPERMAG BRICKS 
OR FERROCLAD 100 EE 


“341” DOLOMITE bricks are specially made to 
withstand the excessive temperatures and 
turbulent erosive conditions produced in 
modern pneumatic and orygen steel processes. 
**341"" Dolomite bricks, being fired to a state of 
volume stability provide a dolomite lining in 
its best and most economic form for use in all 
modern steel converter units. 

Please contact our Technical Service Depart- 
ment for further particulars of these and other 
applications for G.R, bricks. 


’ The raw dolomite is dead-burned at high temperatures 
and it is then formed into suitable shapes by a new 
and unique brick-making process. Tunnel kiln firing 
at high temperatures produces a dense, volume stable 
and truly basic refractory of exceptional quality. 
**341’’ DOLOMITE bricks are resistant to hydration 

and they can be transported and stocked in the same 
way as other basic bricks. 

341°” DOLOMITE bricks are manufactured in various 

sizes designed to suit many applications. 


Typical Chemical Analysis 
SiO, TiO2 Fe,0; MnO Al,0; MgO 
2/3% 0.2% 1/2% 0.1% 1/2% 48/50", 36/40% 


Typical Physical Properties 
TRUE POROSITY % 18/20 SPALLING INDEX Cycles +30 
(small prism test) 
2.70/2.75 - PERMANENT LINEAR CHANGE 
3.35 2 hes. at 1,500°C. Nil t0 0.2% 
WEIGHT PER CUBIC FOOT 175 Ibs. 


WEIGHT PER CUBIC METRE 
2,700 kilos 


BULK DENSITY grams per c.c. 
SPECIFIC GRAVITY 
SPECIFIC HEAT 0.25 
PERMEABILITY c.g.s units 0.05 

WEIGHT PER 1,000 BRICKS 


COLD CRUSHING STRENGTH p.s.i. +8,500 9” x 44° x 3” approx 11,700 Ibs. 
Kilos sq.cm. + 600 » 5,300 kilos 


GENERAL REFRACTORIES LTD 


GENEFAX HOUSE + SHEFFIELD 10 + Telephone: SHEFFIELD 51115 
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have influenced Europe's major furnace 
operators to choose Reining. | | 
A frame of unique design, of heavy 1 
2 Water passages of patented 
design. | | 
Suitability for all pressure | 
Stein & Atkinson Ltd. 


SELF-PROPORTIONING OIL BURNERS 
FOR CONSTANT AIR-OIL RATIO 


Pioneered by Schieldrop in Great 
Britain, self-proportioning oil burners 
offer outstanding advantages 
including peak efficiency and real 
economy of operation. Write for 
full details of Schieldrop burners. 


Note these features— 
Single lever control. 


2 Easy adjustment for high 
and low flame settings. 


Simple and robust 
construction. 


Constant velocities of 
both primary and 
secondary atomising 
air, giving uniform 
flame over a 5-1 
turn-down range. 


Schieldro; & COMPANY LIMITED 


STOTFOLD, BEDS. Phone 414 (4 lines) 
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OFFERING THESE OUTSTANDING PROPERTIES 


Exceptional Chemical Inertness 
High Temperature Stability 
Peak Catalytic Activity 
Superior Wear Resistance 

Low Vapour Pressure 


Scintilla solved their problem of high contact 
resistance in their Vertex Magneto by using 
platinum ruthenium alloy. 


Platinum Metals have exceptional chemical 
inertness, and contacts made from them main- 
tain a low and constant contact resistance 
under severe conditions of heat andcorrosion. 


PLATINUM PALLADIUM RHODIUM 
RUTHENIUM - IRIDIUM - OSMIUM 


Engelhard Industries Limited fabricate and 
market the Platinum Metals refined by The 
International Nicke/ Company (Mond) Limited 


A platinum metal may be the 
cheapest answer to a heat or 
corrosion problem. 


(seng for this booklet to: 
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also costly—if only in time and | 
at it there's a case for rea 


That's West's business on 
its and there's 


TEMPERATURE MEASUREMENT & CONTROL 
Street, Brighton 1, 
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a precision contro! instrument that 
eliminates guesswork in oll burning 


*& Saves time and labour 

*& Saves oii - improves results 
* Meters the flow 

Clogging minimized 


* For any oil 


Write for brochure No. 110 for complete 


STORDY E NGINEERING LIMITED 
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REG? TRADE MARK 


NATURAL DRAUGHT GAS FIRED MAR 


TEMPERING SALT BATH WITH AGITATOR 
Size of bath 36° long « 24° wide x 18’ deep 


We manufacture all types of Cyanide, and Oven 
Furnaces suitable for the Heat Treatment of Metals 


K ASENIT Ltd. 7 Holyrood Street, Bermondsey, LONDON 5S.E.1 
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BRIGHT STEEL 


ROUNDS HEXAGUKS - 
SQUARES - FLATS & SECTIONS 


THE 


STEEL 


196/7, PALACE CHAMBERS 
BRIDGE ST., LONDON, S.W. | 
TEL. WHITEHALL 2015 


8, CHATHAM STREET 
MANCHESTER | CEN. 0413 


HALESOWEN 
Nr BIRMINGHAM 


‘HALESOWEN 1191 


ALLOYS for METALS and POWDERS 
STEELMAKING TOOL TIPS 


Ferro Tungsten 80/85% 

Ferro Vanadium 35/80% 

DRAWING DIES, Etc. 
Calcium Molybdate 40/50% Tungsten Metal Powder 

Molybdenum Briquettes 55/65% Tungsten Carbide 

Ferro Titanium 20/25% and 40% Tungstic Oxide 


Tungsten Metal Powder 98/99% Titanium Carbide 
Manganese Metal Ammonium Para Tungstate 


Chromium Metal and other metallic carbides 


Our specification booklet, giving full details of all our products and our quarterly ALLOY Metals Review, will be gladly sent on request to 
usat: DITTON ROAD, WIDNES, LANCASHIRE 


HIGH SPEED STEEL ALLOYS LTD. 


Ditton Road, Widnes, Lancashire 
Telegrams: ALLOY, WIDNES Telephone: Widnes 266! 
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renowned for 
their high performance 


and low fuel consumption 


speciclise in the design and concirwetion of—- 
Open Hearth 
Seaking of types 


Continwoue Bogie type ingot mad Slob Heating 
Purnaces 

for Alucsinium Melting, Coil Anmealing 
amd Shab 

Forge 20d ico! 

Shipyard and Bae 
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APPLICATION 
Chemical /isotopic analysis of gas/volatile 
liquid samples up to mass 450. 
Chemica! analysis of gas liquid solid samples 
of high molecular weight. 
Isotopic analysis of solids using surface 
ionization. 
Isotopic analysis of solids/gases. 
Chemical isotopic analysis of gases/volatile 
liquids, 
Respiratory gas analysis and applications 
requiring continuous analysie and display of 
up to four comp ts ly 
Ms Routine isotopic analysis of solids using 
5 surface ionization. 
MS7 Chemical analysis down 0.001 p.p.m. using 
spark source techniques. 
mMS9 Chemical analysis and structural identification 
of compounds up to mass 2,000, 
MS 10 Simple spectrometer for vacuum monitoring 
and gas analysis up to mass 100. 
Lo1 Leak detection using helium, argon or coal gas 
as probe medium, 
Full details of all these types of equipment available from: 
4 AEI Instrumentation Division, 
Scientific Apparatus Department, 
Trafford Park, Manchester, 17. 
™“ 


Instrumentation Division, 
Associated Electrical Industries Limited 


sc/t25 
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Hot and Cold Rolling Mills 
Rolls for Hot and Cold Rolling 


— 
Phatogragh by courtesy af the Austral Bronze Company Ply 


Mill for Non-Ferrous Prod 


METALLURGILA, July, 1961 
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Hot Saws and Reelers — 
Steelworks’ Plant and Auxiliaries F 
Reversing Hot and Cold Breoking- Down - 
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Features 


behind the 
Radiant-Jet 
Fu rnace- Heated by the world 


famous recirculating 
Jetube radiant heating 
elements. 


Integral recuperators 


give high thermal 
efficiency. 


Rapid attainment of 


to 1000°C in hour. ~—__sSeend for leaflet V.6 


all heat treatment 


13/17F/61 
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certainly getting 
good performance 


REFRACTORY BRICKS 


PICKFORD, HOLLAND & CO. LTD SHEFFIELD TELEPHONE: 33921 


METALLURGIA, July, 1961 


Sih 
ite 
: 
‘ 


NOBODY BUILDS 
BETTER RESISTANCE | 
‘FURNACES THAN _ 


RESISTANCE 
FURNACES 


G.W.B. FURNACES LIMITED (FURNACE DIVISION), DUDLEY, WORCESTERSHIRE. TEL: DUDLEY 55455 


ASSOCIATED WITH GIBBONS BROS. LIMITED AND WILD BARFIELD ELECTRIC FURNACES LIMITED Gwa/286 
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This remarkable example of the 
head of Poseidon, the brother of 
Zeus, the father of Gods and Men, 
reveals both skill and feeling. 
Found in the sea where it had lain 
for many years, it shows the amaz- 
ing degree of surface finish of 


which the ancients were capable. 


lonic’s constant research and 


development in the field of 
metal finishing reflects the 
times we live in and enables 
them to keep up to date with 
the changing pattern of in- 


dustrial requirements. 


PLATING COMPANY LTD. / 


GROVE STREET, BIRMINGHAM i8 ° Tel.: Smethwick 2951 
(8 lines) 
AIRLITE - IONIC LIMITED, EDINBURGH 


THE METAL FINISHING DIVISION OF THE G.K.N. GROUP OF COMPANIES 
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is able to advise 
on any 
refractories problem 


CONSETT IRON COMPANY 
LIMITED 


pol, CONSETT CO. DURHAM ENGLAND 


REFRACTORIES TELEPHONE: CONSETT 341 (12 Lines) 
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AUTOCARB 


AUTOMATIC DEW POINT RECORDERS AND CONTROLLERS 


Autocarb systems automatically adjust the flow of air or enriching hydrocarbon to the furnace or generator 
in direct response to the dew point of the atmosphere. Specified conditions are automatically maintained. 
Autocarb systems are simple compact units which indicate, record and control the dew point of gas atmos- 
pheres in continuous or batch furnaces and atmosphere generators. They can control dew points to within 
plus or minus two degrees. On continuous furnaces separate zones of atmosphere control can be established 
and automatically maintained. If manual control is preferred, the Autocarb line includes simple recorders 
or indicators. On batch furnaces the Autocarb system will maintain the desired carbon potential for each 
temperature established in the heating chamber. On endothermic gas generators Autocarb systems auto- 
matically and continuously compensate for fluctuations in the composition of the reaction fuel gas supply 
and the humidity of the reaction air. This keeps constant the dew point of the product gas. 


BRITISH FURNACES LTD. 


CHESTERFIELD 


ASSOCIATED WITH SURFACE COMBUSTION COKPORATION, TOLEDO, USA 
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Each link in these conveyors is a precision job—perfect in every detail, shell-moulded 
in heat-resisting steel. The smallest components can be carried safely 
and smoothly through any furnace. Another outstanding achievement by Thompson L'Hospied 
whose close association with the Furnace industry offers unique facilities 
for research and testing under actual conditions. 


o, 


Thompson L.’Hospied 


Nes 


4 
“Sistine © 


A Member of the Incandescent Group 


THOMPSON L’HOSPIED & CO. LTD., STOURBRIDGE, ENGLAND 
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Interested in 
special 
shapes? 


K.I.P. 23 H.S.R. Insulating Firebrick 
special shapes are made by an entirely 
new process. 


Resistance to thermal spall is at least 
5 times better than normal insulating 
firebrick. 


Maximum recommended service 
temperature 2,300°F (1260°C). 


FOR FURTHER INFORMATION ABOUT 


K.1.P. 23 H.S.R. 


WRITE TO:- 


NSULATING PRODUCTS LTD. 


Head Office: STORRS BRIDGE WORKS, 
LOXLEY, Nr. SHEFFIELD. Tel. 343844-8. 


One of the MARSHALL REFRACTORIES GROUP of Companies 


METALLURGIA, July, 1961 
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STOP GUESSING 


The specification of your alloy is important. Make sure of it with 

an automatic spectrograph. Get the analysis over and the alloy 

correct before the teeming. (You've guessed! It is part of an automatic spectrograph.) 
POLYSPEK POLYPRINT . POLYVAC 


Please write for details in catalogue CH 405/ 


HILGER & WATTS LTD 98 St Pancras Way London NW1 


TELEPHONE GULliver 5636 
Ref. J. 8 
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STANDARDS 


um” Cools room heat | 
treatment 


Brayshaw Engineers and Technicians are constantly engaged 
in an intensive research and product development 
programme designed to maintain our leadership in the 
manufacture of new furnace equipment of proven 
dependability and accuracy in widely diverse applications. 
The products illustrated are just a few examples from 
our extensive range. 

If you would like information 

on these or any other part 

of our range please write to 

us for further details. 


What the illustrations show: 


A.—‘Hynor’ Oven Furnace. 
B.—Liquid Bath Furnace. 
C.—Twin Chambered High Speed Steel Furnace. 


BELLE VUE WORKS - MANCHESTER © 


TEL. EAST 1046" GRAMS: HARDENING, MANCHESTER 


METALLURGIA, July, 1961 
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"Clean Annealing & Blanketing Atmospheres , 


A view of a 1500 c.f.h. Nitroneal 
Generator at the Uddingston 
Works of Ranco Limited. 


The Nitroneal Generator produces pure nitrogen with a 
controllable hydrogen content by reacting ammonia with 
air in the presence of a special Engelhard catalyst. The 
apparatus generates a gas completely free of oxygen, con- 
sisting only of nitrogen, hydrogen and water vapour. 
The hydrogen content can be varied at will to meet 
changing requirements and can be maintained at any 
desired percentage between 0-5°, and 25% within close 
tolerances. This flexibility permits the use of the appro- 
priate gas for any material or process at the lowest cost. 


IMPORTANT ADVANTAGES are ECONOMY 
HIGH PURITY SAFETY FULLY AUTOMATIC 


ADJUSTABLE GAS MIXTURE 


ENERATOR 


UNIFORM ANALYSIS - LOW DEW POINT 


* Write for leaflet giving full details. Technical representatives S. 
available for consultation and advice. 


(ANGCELHARD (NOUSTRIES, £72.) BAKER PLATINUM DIVISION 


52 HIGH HOLBORN . LONDON, W.C.1 . CHAncery 9050 
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No Scale 


Longer Tool Life 


Low Fuel Cost 


No Metal Loss 


PRO-TEK FORGING 


PRO-TEK Continuous Billet Heating 
Furnaces are built under licence 
arrangements with Metallurgical 
Oxygen Processes Limited and Indu- 
as, G.m.b.H., Essen. 
pecially suitable for repetition work 
either mild steel or alloys. 
Standard sizes from 10 cwts. per hour 
upwards with guaranteed performance 
and scale free high quality finish 
heating. 


NORMAL FURNACE FORGING 


All enquiries to t 
GIBBONS BROTHERS LTD., DUDLEY, WORCESTERSHIRE. Tel: DUDLEY 55141 (P.8.X.) 
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THE UNITED 


DID YOU SAY NITROGEN? 


WORKINGTON 


IRON AND STEEL COMPANY 
WORKINGTON, CUMBERLAND 


A branch of The United Stee/ Companies Limited 


Model gown by Frank Usher 
wiz 
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ape : 


courtesy of 
UKAEA (top) 
and G. L. Willan 
Ltd. (bottom). 


Rapid and accurately controlled melting by high 
frequency induction heating. 


* Specially developed “SPEEDIVAC” pumping 
system gives very high speeds in pressure region 
of major gas evolution from melt. Has high 
tolerance to contaminants. 


Alternative pumping systems can be fitted to suit 
special requirements. 


*% Earth leakage relay device cuts-out power supply 
in event of crucible lining failure. 


%* Immersion pyrometers for temperature measure- 
ment up to 1800°C. 


‘SPEEDIVAC’ 


MEDIUM-SIZE 
HIGH 
VACUUM 
MELTING and 
POURING 
INDUCTION 
FURNACES 


CHOICE BETWEEN 281b., 561b., 


CRAWLEY 
Crawiey 


ENGLAND 


EDWARDS HIGH VACUUM LTD Bera 
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ABSOLUTE 
MOISTURE 


JUST PUBLISHED 


SPRING DESIGN 


A PRACTICAL TREATMENT 


By W. R. Berry, 
Ph.D., M.Sc., M.I.Mech.E., F.R.1.C., F.1.M. 
Consulting Engineer and Metallurgist 


Dr. has written a complete and up-to-date 
treatment of practical spring design for engineers, 
draughtsmen and spring users generally which sets out 
fully and clearly all available information on this sub- 
ject. It provides rapid practical methods for designing 
reasonable springs with the minimum effort from 
information normally in the ion of the designer. 
Many examples are given to illustrate these methods, 
pitfalls which may not be obvious are emphasized and 
suitable ways for modifying springs indicated. 


A particularly valuable feature is the instructions 
given in making special line charts (nomograms) 
which greatly facilitate the use of formulae. There are 
over a hundred illustrations, both in line and half-tone. 

More than thirty years’ experience of spring design 
and manufacture together with the author’s intimate 
knowledge of the problems facing spring designers and 
users have resulted in a work of directly practical 
value. 


Dr. Berry is now in consulting practice. 


Size D8. 324 it 
Price 40/- net. By post 41/3. 6 dollars 25 cents in U.S. 
currency. 

Contents 

Helical Springs Coiled Springs 


Tension Springs End Connections 


Wherever moisture must be controlled or water vapour 
held at constant low levels, there is a G.W.B. Lectrodryer 
to serve the purpose. 

A wide range of models is available for all atmospheric 
or high pressure conditionings, very large or very small 
volumes, for air, gases and certain organic liquids. Also 
available are standard dehumidifier units for air condi- 
tioning. Weighs only 70 Ib. Capacity up to 20 standard 
cu.ft. per minute. GWB technicians are available to help 
you solve your humidity problems. 


Hidden moisture 
costs you money! 


GW 


LECTRODRYER 


G.W.B. FURNACES LIMITED 
DUDLEY WORCESTERSHIRE 


Telephone: Dudley 55455 


ASSOCIATED WITH GIBBONS BROS. LTD. & WILD-BARFIELD ELECTRIC FURNACES 


Manufacturing Tolerances 
Nests of Springs 


Rectangular Section Coil 
Springs 

Torsion Bars 

Bent Wire Springs 

Helical Torsion Springs 

Flat Spiral Springs 

Discs and Ring Springs 


Designing Springs for Shot 
Peening 


Compression Springs 

Conical or Taper Helical 
Springs 

Volute Springs 


Cantilever and Laminated 
Springs 

Shaped Springs of Fiat 
Material 

Round and Rectangular 
Wire 


Power and Gramophone 
Springs 

Designing Springs for Fluc- 
tuating and Cyclic Loads 


ORDER FORM 


TO EMMOTT & CO. LTD., 
31 KING STREET WEST, 
MANCHESTER 3. 


“SPRING DESIGN.” A Practical Treatment 
(Forty shillings sterling (By Post, 41/3) or $6.50 post free). 


Remittance enclosed : £ 
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cash 
the furnace 
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FEAT -RESTS 


INCONEL furnace equipment helps to keep down production costs 
for the National Cash Register Co, (Manufacturing) Ltd, 

during heat-treatment of components for their accounting 
machines, adding machines and cash registers. 

Furnace racks of special design in INCONEL alloy are employed 
during gas-carburising to permit free circulation of the 
furnace atmosphere around the metal parts to be hardened. 
Low mass and small heat content of the strong, lightweight 
INCONEL racks appreciably cuts furnace heat-losses and 
saves operational costs. The alloy’s excellent resistance 
to oxidation and scaling also increases the 
working life of racks, thus avoiding frequent 
replacement and maintenance hold-ups. 


4 uk 


To Henry Wiggin & Co. Ltd., 
Wiggin Street, Birmingham 16. 
Please send me a free copy of your new publication: 


(r1GHT) Inconel alloy furnace racks in use. ‘Wiggin Heat-resisting Alloys’. 


(LEFT) Inconel is also used for mesh baskets 
like this, in which small components are im- 
mersed for treatment in a salt-bath. Salt-bath 
furnace electrodes are also of Inconel. 


NAME = 
APPOINTMENT OR DEPARTMENT 


Design engineers and others interested COMPANY AND ADDRESS _ 


are invited to— 
SEND FOR THIS PUBLICATION 


ME /H38/7 


@ wenrv WIGGIN & COMPANY LIMITED - WIGGIN STREET - BIRMINGHAM, 16 
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Forced-air circulation at 


An important advance 
in furnace design 
by / 


This highly successful furnace was designed and constructed by 
us to meet the following ROLLS-ROYCE specification : 


1. variable temperature range from ambient to 1,100° C. 
2. tolerance of + 10° C. throughout the range. 

3. even temperature distribution at all temperatures. 
4. heating chamber size 4 ft. 6 in. « 4 ft. 6in. x 5 ft. 


We overcame the problems involved by using forced-air circulation 
with the fan assemblies made of “* Nimonic 75 ” heat resisting 
alloys mounted on air-cooled tubular shafts. The air guide, which 
was also made of ** Nimonic 75 ” was supported from the roof to 
reduce distortion at maximum temperature. 
The heating elements were housed in re- 
fractory grooves to facilitate easy replace- 
ment even with the furnace still relatively 
hot. Tests before shipping were 
entirely successful, the temperature 
variation being + 5° C. at 750°C. 
and negligible at 1,100 

C. The furnace is used 
for the heat treatment of 
Rolls-Royce “Conway” 
“Avon” and “ Dart’’ 
jet engine assemblies. 
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For your 

next electric 

furnace 

consult INDUSTRIAL 
ELECTRIC 
HEATING 
SPECIALISTS 


Hedin Limited, Fowler Road, Hainault, Essex 
Telephone: 3031 


Frequency 


Where precision surface 
hardening is required, with 
little dimensional change, 
and exact repetition of 
treatment is needed to 
maintain regular quality in 
bulk quantities, think of 
Radio Frequency Hardening and 
think of Flame Hardeners Ltd. 
first. Our considerable 
experience, special equipment 
and specialist knowledge are 
yours for the asking. Call us 
in from the start. We can save 
you a lot of trouble — maybe 
cost, too. 


Flame 
Hardeners tta. 


Everywhere in the British Isles served from: 
SHORTER WORKS, BAILEY LANE, 
SHEFFIELD, 1. Telephone: Sheffield 21627 
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MORGAN 
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2k The new BT-1300 takes only 
me SO minutes to melt all this 
Aluminium Alloy 


f During the past eighteen months 54 Morgan Basin For top quality castings and lowest melting loss, invest 
Tilters have been installed in modern foundries for in the most flexible of all bulk melters. Ask for a 
i fast and economical bulk melting of a wide range of demonstration, with your own metal if preferred, at 
high quality aluminium or copper based alloys. the Battersea Test Foundry. 


MORGANITE CRUCIBLE LIMITED, NORTON WORKS, WOODBURY LANE, WORCESTER. Telephone: Worcester 26691 Telex: 55191 
A Member of The Morgan Crucible Group. FS4A 


METALLURGIA, July, 1961 29 


Z he 
— 


For super-purity with metals 


DEGUSSA-WOLFGANG 
ELECTRON BEAM 
MELTING FURNACES 


(manufactured under licence from Stauffer-Temescal, U.S.A.) 


LABORATORY TYPE PRODUCTION TYPE 


We have wide experience in electron beam melting. 
d Why not see how we could help you? 
Please write or telephone to our U.K. technical 
representatives: 


BUSH BEACH & SEGNER BAYLEY LTD. 


St. James’ House, Brazennose Street, Manchester, 2 
Telephone Deansgate 5134/8 Telex: Chemicals, Manchester 66180 


ALSO ALL TYPES OF HIGH VACUUM AND PROTECTIVE-GAS FURNACES 
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METALECTRIC 


FERRITIC MALLEABLE may be produced in batch or 


continuous furnaces. This typical installation handles 


miscellaneous castings for the motor industry, , 


5 tons per charge. 


PEARLITIC MALLEABLE The continuous furnace ensures 
uniformity and consistency. 
This photograph shows the charging end of a METALECTRIC 
continuous line, consisting of two furnaces with an intermediate 


air cooling station. The whole cycle is completely automatic. 
Output is | tons pearlitic malleable /hr. 


METALECTRIC build large and small furnaces, 
batch and continuous, to suit any output or time cycle. 


METALECTRIC FURNACES LTD. 


SMETHWICK - ENGLAND. 
13/33A/61. 
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3 Combined Coke Pushing, Coal Levelling 
and Door Extracting Machines 


3 Coke Side Door Extracting Machines 
_ with Coke Guides 


3 Coal Charging Cars 


These machines, which operate with a high degree of efficiency and minimum 
maintenance, have already dealt with 22 million tons of coal and have charged and 
pushed more than 1,500,000 ovens. 


THE WELLMAN SMITH OWEN ENGINEERING CORPORATION LTD. 


PARNELL HOUSE, WILTON ROAD, LONDON, S.W.1 = = WORKS: DARLASTON, South Staffs, &- BELFAST. 
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Automation and Exports 


INCE the war ended the vocabulary of the man in 

the street has been enlarged by the addition of— 
among others—the word “automation,” and not 
unnaturally he has taken this to be something quite new. 
This is far from being the case, it being no more than an 
extension of the substitution of mechanical for manual 
operation which has being going on since industrialisa- 
tion began. True it now applies to design, transfer, 
control and inspection procedures and will finally do so 
to the whole process of manufacture, using electronic 
controls, computers and other modern devices. More- 
over, unlike the original industrialisation, automation 
extends to the office just as much as to the factory. But, 
as Lord Hailsham pointed out in his speech at the 
opening of the recent ** Automation—Men and Money ” 
conference at Harrogate : ** The essence of the matter is 
not the subsitution of machinery for skill, it is the 
development of more skill in the use of machinery. The 
end will be, not less opportunities for skilled employ- 
ment, but more ; not a threat to labour, but an enhance- 
ment of its status. This, oddly enough, is the result of 
all labour-saving devices. To an alert and forward- 
looking industry, automation should involve headaches, 
but no heartaches—either for management or for labour.”’ 
Although the man on the shop floor has no cause for 
falling into the Luddite error of thinking that automation 
must lead to general unemployment, his feeling that it 
will result in changes in the pattern of employment is 
amply justified, but such changes must be considered in 
relation to the national good. 

We are at the moment facing yet another economic 
crisis with the prospect of new forms of “* squeeze " to 
restrict home consumption and encourage exports. The 
exhortation to * export or bust’ has been used so often 
that many regard it as a political device rather than the 
economic truth that it is. We cannot feed and clothe a 
population of 51 millions on home-grown produce and 
materials, let alone furnish our homes with washing 
machines, refrigerators and T.V. sets. We must import 
both food and raw materials, and to pay for them we must 
export some at least, of the fruits of our labours, for our 
exportable mineral wealth is almost negligible. 

To sell in overseas markets our goods must be com- 
petitive. The world doesn’t feel that it owes us a 
living : we cannot live forever on the strength of having 
stood alone against the might of Hitler's armies in 1940. 
What we have to sell, therefore, must be not only what 
the customer wants, but at a price he is willing to pay. 
How is this to be achieved? We can no longer count on 
the economic reliability of our technical skills. There is 
no hope of our retaining competitive power against 
people with a lower standard of life who are already 
mastering many of the simplest techniques, and some of 
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the more advanced ones too, of mass production. We 
shall be priced out of the market in every case where 
lower wages, and comparable industrial skill can be 
combined against us. The textile industry has already 
felt the “‘ wind of change” in the form of the growing 
textile industries of Hong Kong, India and Pakistan. 
The developments in Asian shipyards, too, have given 
our own shipbuilding industry something to think about. 
Quotas and import duties have been put forward as a 
solution to the problem, but in Lord Hailsham's view 
they will give nothing more than temporary respite, and 
if unaccompanied by vigorous measures for the longer 
term they will encourage only moral laziness and 
complacency. 

Lord Hailsham continued: “ This competition is at 
once legitimate and intrinsically healthy. The future of 
this country, its skill and wealth, is not to depend on 
keeping others ignorant and poor. Our future depends 
on seizing and remaining in the lead in industrial design, 
technology, production and salesmanship. This is not 
simply a question of workmanship, enterprise and skill. 
It is above all a question of brains and forethought. We 
must exploit and develop those advantages that we have. 
Greater scientific knowledge is one such advantage; a 
higher level of general and technical education is a 
second ; an already sophisticated standard of engineering 
isa third. Our aim should be to remain at least one move 
ahead at every stage, so that, by the time the new 
countries are beginning to acquire an existing technique, 
we ourselves shall be moving over rapidly to another. 
From this point of view automation is a necessity of our 
national future.” 

The wider aspects of automation have been discussed 
with both sides of industry, through the National Joint 
Advisory Council, but it is important that the nature of 
the changes involved should be well and humanely 
explained to all who are in any way concerned in the 
introduction of automation in a particular case. Auto- 
mation is not necessarily the answer to any and every 
problem of economic production—in some cases tradi- 
tional methods are still the best—but where, after 
careful consideration of all the facts, automation is 
decided upon, the changes involved will call for the highest 
degree of co-operation between management and unions 
if the venture is not to be fighting an uphill battle from 
the start. Relations between management and unions 
will be intensely affected in the transition stage when the 
implications of change are discussed in detail. From 
these discussions new wage structures will emerge and 
new conditions of work will be established, which may 
involve different shift systems, different stresses, 
different dangers and different human relationships. 

The introduction of automation in any concern will 
have far-reaching consequences. Not only will the skill 
of the operator be replaced by the skill of the maintenance 
technician, but there will be different management skills 


- 
as 
; 
j 
4g 
} 
by 


required, and even the nature of managements’ authority 
may alter. Again, the capital cost involved is such that 
even longer production runs are necessary to make a 
profit. Thus the salesman and advertiser are heavily 
involved and the provider of risk capital must wait 


Expanding Use of Galvanizing 


Over 1,200,000 metric tons of zine (40% of the total 
world consumption) were used for galvanizing in 1960 
according to reports by delegates from all over the world 
at the 6th International Galvanizing Conference at 
Interlaken last month. About 6°, of the world’s steel 
production is estimated to be hot galvanized to prevent 
it from rusting. In 1960 the European industry for the 
first time consumed as much zine for galvanizing as the 
United States—approx. 320,000 tons. In the United 
States the galvanizing of sheet and strip took over half, 
and nearly three times as much as general galvanizing. 
In Europe, only Belgium and France used more zine for 
sheet and strip than for general galvanizing which is the 
largest use in most European countries. 

A major development in Europe is the increase in the 
galvanizing of structural steel, much of it by new specially 
built plants. Railway electrification schemes and power 
transmission lines are now big users of galvanizing in 
most countries and are setting a pattern which building 
and other industries are beginning to follow. From the 
United States came news of the widespread adoption of 
galvanized strip by the automobile industries for body 
construction, especially for underbody panels. Every- 
where the use of galvanized strip is expanding, and a 
further substantial rise in the consumption of zine for 
galvanizing is forecast for this year, when new strip 
galvanizing lines under construction in Europe and other 
countries begin production. 


European Non-Ferrous Trends 


THE activity in non-ferrous metals industries in 
Europe as a whole should remain in the near future at a 
level at least as high as that reached by the end of last 
year, states the Non-Ferrous Metals Committee of 
O.E.E.C. in its latest brief market survey.* There are 
indications that the upward trend of activity may have 
lost some of the previous year’s impetus, but domestic 
demand for metals and semi-fabricated products, particu- 
larly for engineering industries and building activity, 
justifies the conclusion that the outlook for the near 
future is satisfactory. 

In all member countries, metal consumption went 
up—in some cases quite spectacularly—last year, and 
has remained high so far in 1961. Increases in production 
did not match consumption; imports, and hence 
dependence on raw material supply from outside, were 
therefore considerably higher than in previous years. 
It does not, however, seem likely that 1961 will show 
another record level. Metal imports from Eastern 
countries were, on the whole, lower than in previous 
years. The overall supply situation is expected to remain 
satisfactory. With regard to the present over-supply of 
lead in the Western world, the figures show that in 
0.E.E.C, member countries producer stocks have stayed 


at a norma! level. 


® “ Non-Ferrous Metals: Recent Developments and Short-Term Prospects (October 
1960-—June 1961). Copies may be obtained free of charge from the O.B.B.C. 


Information Division, Chateau de la Muette, 2 rue André-Paseal, Paris X Vie. 


longer between the investment of his money and a 
return on it. New mass markets are eagerly being 
sought, and according to Lord Hailsham, current con- 
versations about the European Economic Community 
have more than an echo of automation in their content. 


Processing industries for aluminium and copper con- 
tinued to work at full capacity ; manpower difficulties 
and consequent long delivery periods for metal products 
are again reported from a number of countries. The 
various branches of zine processing expanded further, 
although more slowly than in recent years. Demand for 
lead products made a better show than had been expected 
in October last year, and demand for nickel remained 
strong due to the rising production of nickel-alloyed 
steel. 

The main features of the situation in the various 
member countries, production expansion projects and 
trends in processing industries, are briefly outlined in the 


rt. 


Iron and Steel Prices 


Last month the Iron and Steel Board announced its 
decision to increase the maximum prices of iron and 
steel products permitted to be charged in the United 
Kingdom by 1% onallitems. The increase was described 
by the British Iron and Steel Federation as totally 
inadequate having regard to the recent additional cost 
burdens on the industry. The Federation estimated the 
consequential increase in the industry’s earnings at a 
rate of £7-5 million a year over the second half of 1961, 
as compared with estimated additional costs over the 
same period at a rate of about £25 million a year net, 
after taking into account all expected savings from 
greater efficiencies. 


News in Brief 


Noral News, the quarterly magazine of Alcan Industries, 
Ltd., has been awarded a Certificate of Merit ** for high 
quality of content and presentation” in the 1961 
National House Journal Competition sponsored by the 
British Association of Industrial Editors. 


CHARLES CLIFFORD, Lrp., Dogpool Mills, Birmingham, 
30, have been awarded contracts for the supply of zinc 
wire for metal spraying the surfaces of the fabricated 
steelwork to be used in the new Forth road bridge, at 
present under construction. 


Tue address of the National Council for Technological 
Awards is now 24, Park Crescent, London, W.1 (Tele- 
phone : LANgham 4879). 


THe AppLesy-FRopINGHAM STEEL Co., branch of The 
United Steel Cos., Ltd., have now put into production 
their new universal beam mill, engineered by Schloemann 
A.G., Diisseldorf. The mill is capable of rolling universal 
wide flange beams with parallel flanges up to 24 in. « 9 
in., universal columns up to 12 in. = 12 in., and cor- 
responding junior beams. 

THE name of the company formerly known as Radio 


Heaters, Ltd., has been changed to Radyne, Ltd., in 
line with the company’s trade-mark. 
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Relaxation Testing of Steam Turbine Bolt 
Materials with Simulated Re-tightening 


By J. H. M. Draper, B.Sc.Tech., A.M.I.Mech.E. 


Research Department, Associated Electrical Industries (Manchester), Ltd. 


A procedure is described for assessing the probable behaviour of steam turbine cylinder bolts when 


they are re-tightened a number of times in service. 


Using this procedure, a 1°, Cr-Mo-V bolt steel 


and a 12°, Cr-Mo-V bolt steel have been tested, the results indicating that when bolts in either material 
are tightened six times the residual stress at the end of any operating period is never less than that at 
the end of the first. The tests also suggest that different temperatures give the same pattern as regards 


the creep relaxation in successive operating periods. 
single loading creep relaxation data can be used for design. 


STEAM turbine cylinder bolt is initially tightened 

so that some known strain (or corresponding stress) 

is imposed. During its service life at high tem- 
perature the stress, and therefore the load in the bolt, is 
reduced by creep relaxation. In service the stress re- 
maining in the bolt, i.e. the residual stress, must not fall 
below a minimum permissible value derived from design 
considerations regarding the pressure between the 
cylinder flanges needed to keep the joint tight, and the 
maximum area of bolt cross-section which it is feasible to 
provide. 

A good deal of creep relaxation testing has already been 
carried out on bolt materials under conditions which 
simulate one tightening, and methods of test’ * and data® 
obtained from such tests have been reported. In 
practice, however, bolts would usually be refitted after 
each turbine overhaul and would therefore be re- 
tightened several times during their service life. The 
late Dr. R. W. Bailey pointed out some years ago that 
creep relaxation behaviour is not necessarily the same in 
each operating period between tightenings, and can only 
be assessed by re-tightening tests. 

Tests have since been carried out by the N.P.L., by 
some of the steelmakers, and by ourselves, and valuable 
results have been obtained, but no standard test pro- 
cedure has been followed, so that direct comparison of 
results is not possible. Some comments are made 
below on the different procedures followed, and a revised 
procedure is proposed which it is hoped might form the 
basis of a standard procedure throughout the turbine 
industry. Unpublished proposals on these lines have 
already been made by the author at a discussion on re- 
loading techniques at the N.P.L. in 1959 and at an 
International Conference in Diisseldorf in 1960. 


Service Conditions 


In practice, turbine cylinder bolts are usually tightened 
to a strain of 0-15°,, although some turbine builders use 
other strains, generally greater. Under elastic conditions 
at room temperature this corresponds to a stress of 
20 tons/sq. in., but at working temperature the stress 
will, of course, be lower because (a) the modulus of 
elasticity is lower, and (b) the strain may be partly 
plastic. Assuming that the flanges are perfectly rigid, 
the total strain remains constant during an operating 
period, but the stress diminishes with time. 

Where ferritic bolt materials are used, joints are 
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In such circumstances it is suggested that 


usually designed so that the minimum bolt stress required 
to maintain the joint is between 3 and 5 tons ‘sq. in. 

A power station turbine designed for a life of 20 years, 
would normally be overhauled at 30,000 hour intervals, 
so that there would be six operating periods of equal 
duration and the bolts would accordingly be tightened. 
up six times, 

Previous Tests 

Previous tests by different investigators have differed 
mainly in the procedure adopted to simulate re-tightening 
and the duration of the test cycle. Re-tightening has 
been simulated by one or other of the following methods : 

(a) Applying a total strain (residual elastic + additional 

strain) equal to the specified strain for the first loading. 

(b) Raising the stress to the maximum value recorded 

on the first loading. 

(c) Adding a strain of specified magnitude, e.g. 0-1°, 

in a test in which the initial strain is 0-15°%, and the 

residual stress in the previous loading is 5 tons /sq. in. 

(Making the total strain only approximately equal to 

the initial strain). 

Method (a) is the only one which correctly simulates 
service conditions as regards strain, and is preferred 
since it is as convenient to use as (b) or (c), which give 
strains only approximating to the correct value. 

The duration of the relaxation periods has been 
decided in one of the following ways :— 

(d) The first re-loading is carried out when the residual 

stress has fallen to a specified value. Subsequent 

re-loadings are not made until this same stress is 
reached again. 

(e) The first re-loading is carried out after the initial 

stress relaxation has continued for a specified time. 

Subsequent re-loadings are made at intervals equal to 

this specified time. 

Method (d) permits the adoption of a stress which can be 
related to the minimum bolt load required in practice, 
but does not simulate the practical case in that re- 
tightening of cylinder bolts normally takes place at 
equal time intervals. Method (¢) on the other hand, 
does simulate the practical time cycle, but the residual 
stresses obtained in the test are not necessarily related 
to those required by service conditions. Incidentally, 
method (¢) is more convenient in the laboratory as it 
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16 . 
STEEL A AT 650°C overhaul, this stress will depend on the service tempera- 


ture, and it is obviously not possible in a single test to 
KN | simulate the conditions obtaining at different service 
temperatures. It seems reasonable, however, to simulate 
° the most severe conditions practicable in service in 
: which the residual stress in the bolts falls to the minimum 


= STEEL A AT 625°C T permissible value needed to keep the joints tight. For 
normal ferritic steels this value is usually of the order of 


an) we 3-5 tons /sq. in., and it is therefore suggested that the 
g first re-loading in re-tightening tests should be carried : 
a. | CONTINUED FOR 8 out when the residual stress has fallen to 4 tons/sq. in. ss 
6 With more advanced materials of superior creep proper- . 
» 6 ties, however, this minimum permissible stress may have e 
« 
® Strain after Re-loading 


J It is proposed that re-loading should be carried out 
. with the test specimen still at test temperature, and that 
strain should be increased by an amount which, when 


16 
added to the elastic strain calculated from the residual 
je | | Se stress at the end of the previous relaxation period, : 
ly - : gives a total strain of 0-15%,. 3 
. CONTINUED FOR 6 In practice, at overhaul times, bolts cool-off with the 
1900S . 
0 200 400 600 800 1000 1200 1400 1600 load still on and when removed have a new length due to 


the creep strain which has occurred. On re-assembly a 
strain of 0- 15%, is added to the new length before the 
temperature is re-applied. It is not possible to copy 
this cycle with a normal creep machine, where strain can 
: Mae? only be measured at a constant temperature because 
facilitates the programming of work and reduces the extensometer design is such that strain and thermal 
total testing time. The procedure now proposed adopts expansion cannot be separated during heating and cooling. 
method (a) together with what is felt to be the best The proposed procedure is considered reasonable, 


TIME — hr. 


Fig. 1. -Stress-time relationships for creep relaxation 
tests with re-loading at 650° C. and 625° C. 


compromise between (d) and (e). however, in view of the fact that tests® 5 have been made 

which indicate that the results will be independent of 

Proposed Procedure the straining procedure except in the very early stages. 

In the proposed procedure it is suggested that a test The only alternatives to this procedure appear to be :— 
specimen should be subjected to a first relaxation period 
with a specified strain and temperature as in a normal To remove the Ce at test 
relaxation test. When the residual stress has fallen to a temperature This is considered undesirable since it 
specified value the specimen is re-loaded while still at would entail the specimen being at temperature 
test temperature. Subsequent re-loadings are made at without load. Under these conditions some creep 
recovery would take place and the subsequent relaxa- 


intervals of time which are equal in duration to the first 
relaxation period. Test conditions would be selected in 
accordance with the following considerations. 


tion would be affected. 
(ii) Construction of special creep relaxation machines 
‘de an in which the strain recording is uninfluenced by 
Temperature of Tests changing temperature and in which, therefore, the 
For each test the temperature can be chosen to shorten strain can be applied cold, and maintained whilst 
the time for relaxation to the predetermined residual heating. Examples of such machines have been des- 
stress—and therefore the time between subsequent re- cribed by Bihet, Gottignies and Caubot and by 
‘ loadings—to some convenient value, but it should not Watson.® 
be shortened so much as to make the temperature 
unduly high. If a normal series of creep relaxation tests Number of Re-loadings 


at different temperatures has already been carried out It is proposed that the test should consist of six 
on the material, the choice of a suitable test temperature loadings : i.e. tive re- loadings in ac ‘cordance with the 
IS easy. service conditions mentioned above. 
Strain in First Relaxation Period 
PROCEDURE AND CoNDITIONS FOR FeERRITIC BOLT 
A strain of 0-15% is proposed as this appears to be MATERIALS 

acceptable to most concerns. Other strains w . a 

I rains would be Summarising the above, the proposed procedure for 


used, however, if it were thought that they might be . os Aes 
adopted in practice. : ferritic steel bolt materials is as follows :— 
First Loading 


Residual Stress at First Re-loading 
(i) With the test specimen at test temperature, a 


The stress at which re-loading is first carried out in a v= 
test should ideally be the same as the stress remaining strain of 0- 15% is applied. 
in the turbine bolts just before the first overhaul. With (ii) Relaxation is allowed to take place until the 
a specified initial strain and a specified time to the first residual stress has fallen to 4 tons /sq. in 
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Subsequent Re-loadings 
(0) With the test specimen still at test temperature, 
strain is increased by an amount which, when added 
to the elastic strain calculated from the residual stress 
at the end of the previous relaxation period, gives a 
total strain of 0- 15%. 


(iv) Relaxation is allowed to take place for a length of 
time equal to that occupied by the first relaxation 
period. 

(v) This procedure is repeated until six relaxation 
periods have been completed. 


Application of Results to Service Conditions 


Re-tightening tests that have been made so far 
indicate differences in the creep behaviour in various 
relaxation periods. Although in most cases there is some 
improvement after the first loading, it seems unlikely 
that any advantage could be taken of this in design. In 
these circumstances, the purpose of the tests should be 
to show whether or not there is any deterioration as a 
result of the six successive loadings. 

In the absence of such deterioration the maximum 
practicable working temperature will be that at which 
the residual stress just falls to the minimum specified 
value at the time of the first overhaul, say after the first 
30,000 hours of service. This limiting temperature can be 
derived by extrapolation from single loading creep 
relaxation tests. 

If deterioration is revealed, the maximum working 
temperature derived from single loading tests will be too 
high for the specified minimum residual stress. If the 
deterioration is severe, as in the case of an experi- 
mental 12°, Cr-Mo-V steel tested some years ago by the 
author, the material will probably be rejected, unless 
it possesses some special merit which more than compen- 
sates for its poor re-tightening characteristics. 

Where, however, re-tightening data is required on a 
material which deteriorates, one of the following pro- 
cedures should be adopted :— 

(a) If the lowest stress recorded is too low for reason- 
able design, further tests will be required, following 
the suggested procedure but with the residual stress 
at the end of the first relaxation period increased to 
give a minimum residual stress during six relaxation 
periods reasonable for design. A number of tests 
may be required by this method before the desired 
result is achieved, but the selection of design stresses 
will be difficult whatever re-tightening test procedure 
is adopted. 

(6) Where the lowest stress recorded, although less 

than the specified minimum stress for the test, is 

reasonable for design, no further testing will be 
required. 

In either case, the residual stress at the end of the 
first relaxation period will be used to estimate the 


TABLE 1,.—RESULTS OF 


lime for Stress to Fall to 4 tons/sq. in. in 


Material Temperature | First Loading 
Cc.) (hr.) lst 
Steel A 60 157 4 
| 625 
Steel B | 650 17s 


625 logs ‘ 
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rESTS ON 1% Cr-Me-V AND 12% Or-Mo-V BOLT STEELS 
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Fig. 2. 
650° C. and 625° C. 


maximum working temperature for a 30,000 hour life 
from single loading data, and the minimum residual 
stress will be used for design. 


Re-tightening Tests on Two Bolt Steels 

Re-tightening tests have been carried out with the 
dual purpose of checking the proposed procedure and of 
assessing the re-tightening properties of two ferritic bolt 
steels : 

Steel A 1%, Cr-Mo-V_ steel which is already 
commonly adopted for bolts for high tempera- 
ture steam turbines, and 
A 12%, Cr-Mo-—V steel which shows promise 
as an alternative material. 


Tests at temperatures of 650° C, and 625°C. have been 
completed and further tests are now in progress at 600° C. 
Although, as has been pointed out, six relaxation periods 
are sufficient, as a matter of interest tests on Steel A were 
continued to a total of eight relaxation periods. The 
results are shown in Table I and the relaxation curves 
are reproduced in Fig. 1. Fig. 2 shows the residual stress 
at the end of each relaxation period plotted against 
number of loadings at each of the test temperatures for 
the two steels. The results show that : 

(a) At no time, in any of the tests, was the residual 

stress less than that at the end of the first relaxation 

period. 

(6) Considering each material separately, at both the 

test temperatures used, the residual stresses at the 

ends of corresponding relaxation periods were approxi- 
mately the same. 

The additional tests which are in progress at 600° C. 
are expected to confirm these features at a third tempera- 
ture. Although such further evidence is necessary to 


Steel B 


Residual Stresses at the Ends of the Indicated Relaxation Periods 
(tons /sq. in.) 


2nd | th 7th =| Ath 
197 5-26 520 540 5-08 4-98 
oT) 6-05 6-21 6-21 | 6-25 | 
6-12 6-35 6°25 6-14 


. 
‘sd 
ae 
§ 
| 


have complete confidence, the tests suggest that these 
materials will have the same pattern as regards creep 
relaxation in successive relaxation periods at other 
temperatures, and therefore at the design operating 
temperature. 

With both steels, therefore, design of bolts could be 
based on single loading relaxation data, and such bolts 
would remain satisfactorily tight for at least six operating 
periods. 

Conclusions 

(1) A revised procedure is proposed for re-tightening 
tests on bolt materials which closely simulates practical 
conditions and is convenient for laboratory use. 

(2) The procedure has been used successfully for tests 
on two ferritic bolt steels. These tests showed that 
successive re-tightening resulted in some improvement 
of the relaxation properties of the two materials con- 
cerned. 


G. A. Harvey & Co. (London), Ltd. 


Harvey's new head sales office and showroom in Villiers 
House, Strand, W.C.2., was officially opened on Monday, 
26th June by Mr. Paul Reilly, Director of the Council 
of Industrial Design. The new office and showroom are 
on the first floor of a modern office building and have an 
area of 6,500 sq. ft. In the showroom are exhibited many 


items from the Harvey and Harvey-Milner ranges of 


steel office furniture and partitioning, while in the 
reception area are coloured transparencies showing 
examples of production from Harvey's other departments 
which include heavy fabrication, light fabrication, sheet 
metalwork, metal perforation, wirework and weaving 
and galvanising. The offices provide accommodation 
for senior personnel of the sales department and also for 
the manager, sales representatives and staff of the 
London branch office. 

New branch offices and showrooms of similar style 
and each of about 1,200 sq. ft. in area have recently been 
opened in new office buildings in Bristol, Leeds and 
Glasgow and three more will be opened in July in 


Enquiry office, Telex centre and reception area in the new 
head sales office and showroom of G. A. Harvey & Co. 
(London), Ltd., in Villiers House, Strand, London, W.C.2. 


(3) Whenever an assurance can be obtained that there 
will be no deterioration of relaxation properties as a 
result of re-tightening, single loading relaxation data 
can be used for design purposes. 
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Manchester, Liverpool and Birmingham. All these 
provincial offices are linked with Villiers House and with 
the works at Greenwich by Telex communication. 

The opening of the new head sales office and showroom 
in Villiers House coupled with the chain of six new 
provincial offices provides a notable milestone in the 
history of the company. From the humble beginnings 
of an old smithy shop in Lewisham in 1874, where Mr. 
George Alfred Harvey founded the firm with the help 
of one boy, the works, removed to Greenwich in 1913, 
now occupies an area of 28 acres. There are a further 
2 acres at the Margate factory and in all Harveys now 
have over 2,600 employees. 


Forty-TWwo representatives from twenty-three North 
Eastern companies recently watched a demonstration 
of the new Berk 61 metal spraying pistol at the Middles- 
brough works of Dorman Long (Bridge and Engineering) 
Co., Ltd. The demonstration was organised by the 
coating division of F. W. Berk & Co., Ltd., who have 
developed the Model 61 pistol to meet the requirements 
of contractors who need fast spraying equipment, either 
to cover large areas of structural steelwork, or to match 
in with automatic grit-blasting installations. 

The Berk 61 pistol will deposit zinc powder with a 
deposition efficiency as high as that obtained with a 
35 p.p.h. pistol, with the same gas and air consumption, 
but at a rate of 110 Ib./hr. This is approximately 
equivalent to the deposition of a 0-004 in. coating over 
650 sq. ft. hr. This performance is achieved by means of 
the patented nozzle, which projects powder, gas and air 
through alternate and concentric jets. This nozzle, 
which can be cheaply and easily replaced, is the only 
part of the pistol which can require maintenance. As 
the pistol is intended for large scale spraying, it is 
correspondingly light, well balanced and easy to handle. 

Other equipment shown at the demonstration included 
the Berk Model 50 pistol, used as a pacemaker to the 
Model 61, the Berk 58 wire gun, and Berk grit-blasting 
units. A new development is the “Slim Jim” grit- 
blasting machine which has been designed for lowering 
through small (18 in.) manholes where the internal 
surfaces of tanks are to be blasted. 
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Low Pressure Metallurgy 


The Reduction of Oxides by Carbon 
By A. S. Darling, B.Sc.(Eng.), Ph.D., A.M.I.Mech.E. 


This is the third article by Dr. Darling under the general heading * Low Pressure 

Metallurgy" and the reference numbers follow on those in the earlier articles, the first of 

which took the form of a general survey, the second dealing with vacuum as an inert 

atmosphere. In discussing the reduction of oxides by carbon at low pressure, the author 

considers in this first instalment the factors affecting the progress of reduction, including 

metal-crucible reactions, before dealing next month with specific examples in the case of 
copper, molybdenum, chromium, ferrochromium and niobium. 


The Stability of Carbon Monoxide 

HE change of entropy associated with the formation 

of carbon monoxide from its components is 

positive, so that the free energy change of the 
reaction increases with rise of temperature. For this 
reason the stability of carbon monoxide does not decrease 
so rapidly with temperature as those of metallic oxides, 
all of which can be reduced by carbon at sufficiently 
elevated temperatures. The reduction process leads to 
an increase in volume and is therefore favoured by a 
reduction of pressure. This principle is utilised in 
vacuum metallurgy to ensure complete deoxidation. 

The reduction process is conveniently represented by 
an expression of the following type :— 

MO, + 2C =—"-M+200.. .. « (i) 
The equilibrium constant of this reaction is related to 
its free energy by equation (2) 

G, RTlog.K, 4-574 Tlog K, .. (2 
Because carbon monoxide is the only uncondensed phase 
present, equation (2) can be rewritten in the form :— 

G, = —4-574T 
This expression relates the 
free energy of the reaction 
(the reactants being initially 
considered in their standard 
states) to the position of 
equilibrium finally achieved 
when the free energy is zero. 
The pressure of carbon 
monoxide in equilibrium 
with the pure metal and 
metallic oxide is expressed 
in atmospheres. 

The free energy change 
can be considered as a 
measure of the mechanical 
work done during the 
reaction. The work is that 
done by the isothermal ex- 
pansion of 2 gram molecules 
of carbon monoxide from 
atmospheric down to the 
equilibrium pressure and is 
therefore indicative of the 
Fig. 1.--Free energy of for- 


mation of metallic oxides 
and carbon monoxide. 
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y of the metal to reduce carbon monoxide 
rather than that of carbon to reduce the metallic 
oxide. The higher the free energy, the greater will be 
the pressure range over which the gas is capable of 
expanding and the lower will be the pressure of carbon 
monoxide in equilibrium with the metal and metallic 
oxide. 

Free energy is an additive quantity and is conveniently 
obtained by considering the basic components of 
equation (1) : 


M + 0,- 


tendency 


Hence 
Fig. | illustrates the conventional method of plotting 

curves of the free energy of formation of metallic oxides 

and carbon monoxide. The free energy of the reaction 
represented by equation (1) is zero when the carbon 
monoxide line intersects that of the metallic oxide. At 
this point the metal and its oxide are in equilibrium with 
carbon monoxide at atmospheric pressure. Reduction 
in such instances will proceed only if the carbon monoxide 
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is continually extracted so that its pressure never exceeds 
atmospheric. 

In Fig. 2 the difference in free energy of reactions (4) 
and (5) has been plotted against temperature so that the 
free energy of reaction (1) can be read off directly. The 
magnitude of this free energy change is related to the 
equilibrium pressure of carbon monoxide by equation 


(3). Positive free energy changes indicate that the 
reduction can only proceed at pressures below 
atmospheric. 


The dotted lines on Fig. (2) represent the values of the 


expression — 4-577 = 2log P... for temperatures up to 
2,000° C., and illustrate the mechanical work done 


during the isothermal expansion of two moles of carbon 
monoxide from atmospheric pressure down to that 
indicated. The pressure of carbon monoxide in equi- 
librium with a particular oxide and metal at a given 
temperature can be read directly from the graph. 

The data in Fig. 2 illustrate, for example, that alumina 
will be reduced by carbon at 1,600° C. providing that the 
partial pressure of carbon monoxide in the reaction zone 
is kept below 3-3 « 10- atmospheres or 2-5 mm. of 
mercury. Zirconia, a more stable oxide, is only reduced 
at carbon monoxide pressures below 0-38 mm. of 
mercury, while the reduction of beryllia requires pressures 
below 0-08 mm. of mercury. Such data illustrate the 
relative stability of the refractory oxides and permit a 
rough assessment of their reducibility. 

The analysis has, so far, been based upon the assump- 
tion that the oxide, carbon, and metal exist as pure 
phases, and that equilibrium conditions can be uniquely 
defined in terms of the carbon monoxide pressure 
directly above the melt. While the weaknesses of this 
argument are very apparent, it must be observed that 
where an appreciable excess of carbon is present in 
solution, even the most refractory metallic oxides can 
be rapidly and quantitatively reduced under vacuum 
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Fig. 2.—-Free energy of 
carbon reduction processes 
and constructions for deriv- 
ing equilibrium carbon 
monoxide pressures. 


conditions. Table I, which 
summarises data from a 
number of papers dealing 
with the vacuum fusion 
process, indicates the com- 
pleteness of the reduction 
attainable. 


Prior Carbide Formation 

The affinity of the metal 
for carbon may be greater 
than the tendency towards 
oxide reduction. Examples 
of this tendency are afforded 
by titanium and zirconium, 
both of which form very 
stable carbides. Although 
certain titanium-bearing 
alloys containing carbon are 
vacuum melted with conse- 
quent reduction in oxygen 
content,!* the carbon is sufficiently in excess to permit 
a certain amount of carbide formation. Sully, Brandes 
and Provan'®? found that chromium alloys containing 
appreciable quantities of titanium or zirconium could 
not be effectively deoxidised with carbon. Kroll'*® 
reported that zirconium containing a few tenths of 1%, 
of carbon and oxygen, did not evolve carbon monoxide 
when heated to 2,000° C. in a vacuum of one micron. 

The direct reduction of titanium oxide with carbon 
might be represented as follows :— 
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The free energy of this reaction at 1,727 C. is 23,100 
cal. mole, corresponding to an equilibrium carbon 
monoxide pressure of 2-2mm. of mercury. Rapid 
reduction of this oxide might be expected under vacuum 
conditions, if it were not for the greater tendency 
towards carbide formation. We can visualise an attempt 
to eliminate small quantities of oxide from a titanium 
melt by stoichiometric additions of carbon. At 1,727° C. 
the free energy of carbide formation is 48,600 cal. mole. 
Carbide formation will, therefore precede oxide reduction, 
the final reaction being as follows : 


rABLE L.—COMPLETENESS OF REDUCTION ATTAINABLE BY USE OF 
EXCESS CARBON UNDER HIGH-VACUUM CONDITIONS. 

Operating Reduction Achieved 
Oxide ‘Temperature (percentage of | Reference 
theoretical) 
Al,¢ 1.6) us 152 
SiO, 1550 5 152 
152 
Mo, 1,560 155 
Or,O; 100 153 
ThO, 1,900 100 14 
TiO 1800 100 
vo, 1,700 144 
1,560 154 
ZrO, 1,625-1,750 68-100 
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The free energy of this reaction at the same temperature 
is 71,700 cal./mole, corresponding to an equilibrium 
carbon monoxide pressure of approximately 10mm. of 
mercury. Under such conditions vacuum reduction 
would proceed at a very low rate. 

If the whole object is to reduce the oxide, and a large 
excess of free carbon is not a disadvantage, reduction 
can proceed in spite of carbide formation. In the 
vacuum fusion method of oxygen determination, rapid 
and quantitative reduction of titanium dioxide occurs 
at 1,750°C. Although it might be assumed from the 
thermodynamic data that the mechanism of reduction 
would involve the direct formation of carbide, such 
apparently is not the case. Sloman™ suggests that the 
oxide reacts with carbon and with molten iron to form 
carbon monoxide and a solution of metal in the iron. 
The experimentally determined rate of reaction sug- 
gested an equilibrium carbon monoxide pressure of 
about 2-4mm. of mercury, which was in agreement 
with the value calculated from the thermodynamic data 
of the reduction solution mechanism. 

Complete reduction of the oxide to titanium by carbon 
appears to be impossible, however. This was attempted 
by Kroll in 1948.'°* Finely powdered oxide and graphite 
were mixed in the correct porportions and briquetted. 
When heated in a vacuum furnace, reduction commenced 
at 1,100°C. At 1,800° C. the pressure had decreased to 
8 microns. When gas evolution ceased the briquette was 
cooled and weighed. Complete reduction to the metal 
would have involved a weight loss of 54%. The observed 
weight loss was 74°%,. Kroll interpreted this finding as 
an indication that the lower oxide of titanium was 
volatile. The reduction process yielded a product con- 
taining 20-7% of carbon and 73-7% of metal, the 
remaining 5-6°%, being oxide. 

Experiments with zirconium yielded similar results. 
Oxide-metal, and oxide-carbide mixtures were heated 
to very high temperatures without appreciable reduction. 
The carbide-oxide mixture was heated to 1,960° C.—well 
above the melting point of zirconium—after which the 
product still contained 7-5°%, of oxygen and 6-2%, of 
carbon. 

It appears that with both titanium and zirconium the 
affinity for carbon precludes a complete reduction of 
oxide to metal. Carbide and oxide, or carbide and dis- 
solved oxygen can coexist in these metals. The carbide 
of vanadium is somewhat less stable, but even with this 
metal quantitative reductions are impossible. Kroll 
obtained vanadium containing 0-97°%, of carbon by 
heating in vacuum a briquette containing vanadium 
oxide and carbon powders mixed in the correct stoichio- 
metric proportions. The oxygen content, after fusing 
the mixture in a beryllia crucible was estimated at 5%. 
Crucible reaction could have accounted for much of this 
contamination. The essential fact, however, was that a 
large excess of oxygen did not completely eliminate 
carbon during fusion in vacuo. 

Niobium oxide was not successfully reduced with 
carbon in this series of tests. The final product, obtained 
after several sintering and crushing operations, still 
contained large quantities of carbon and oxygen. After 
final fusion, at 2,400° C. on a bed of thoria, the product 
still contained 1-01°%, of carbon and 19-8°, of a material, 
insoluble in HF, which was presumed to be oxide. It 
was concluded that a large excess of oxygen had to be 
present to reduce the carbon content to an acceptable 
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figure. These results are difficult to reconcile with those 
of recent investigators who have demonstrated the 
effectiveness of carbon as a deoxidant for niobium. The 
high oxygen contents are obviously attributable to 
reaction with the thoria. The carbon discrepancy is 
partly explicable in terms of the quality of vacuum 
employed. The lowest pressure reported by Kroll was 
2 microns. Williams'*’ used a system capable of reduc- 
ing the partial pressure of carbon monoxide to about 
2 x 10-* mm. of mercury. The ratio of the two operating 
pressures is virtually the same as the ratio of the two 
carbon contents obtained. Exact data as to the activity 
of carbon and oxygen in solid solution in niobium is not 
available. All the proposed reduction mechanisms 
postulate independent diffusion of carbon and oxygen 
to free surfaces before reaction. The solubility of 
carbon in niobium is very low, however, and it is com- 
monly supposed that the rate of reaction is controlled by 
this factor. Ductile niobium is produced from raw 
material having an oxygen content of the order of 0-5%, 
Oxygen levels of the type encountered by Kroll might 
effectively prevent interstitial solution of carbon in the 
niobium lattice, thereby preventing efficient operation 
of the reduction mechanism. 


Volatile Metals 


The oxides of volatile metals are not, in general, 
effectively reduced by carbon in vacuo. Back reactions 
between the metal vapour and evolved carbon monoxide 
occur during the reduction process. The condensed 
product is thereby contaminated by oxide and carbon. 
Heussler'®® found that MnO and SiO, when mixed with 
carbon and heated in vacuo yielded a condensate consist- 
ing largely of carbide and oxide. Similar results were 
obtained by Thompson'™ with calcium and barium 
oxides, by Kjellgren'® with beryllium oxide, and by 
Watts! with magnesia. 


Mechanism of the Reduction Process 


Carbon and oxygen are generally present in the form 
of dilute solutions in the melt or reacting body. The 
basic reduction process can be represented by an expres- 
sion similar to equation (9), where the solvent is assumed 
to be liquid iron :— 

Ciy. + (Oly. == (CO) 


It might be concluded that for any given pressure of 
carbon monoxide the product of carbon and oxygen 
concentrations would be constant. The presence of 
carbon reduces considerably, however, the activity of 
oxygen in liquid iron, leading to an increase in the value 
of the equilibrium carbon-oxygen product with rise in 
carbon content.5* The carbon-oxygen product under 
equilibrium conditions varies with carbon monoxide 
pressure in a perfectly linear fashion, although this 
behaviour is often obscured at pressures in the vicinity 
of atmospheric by the appreciable solubility of carbon 
monoxide in the liquid iron."** 

Under vacuum conditions, however, such dissolved 
gas is readily evolved. Fig. 3, largely extrapolated from 
Chipmans data, agrees with similar information published 
by J. H. Moore.* The curves predict the effect of gas 
pressure upon the carbon-oxygen relationship in liquid 
iron at 1,600°C. For purposes of comparison, curves 
showing the efficiency of various standard metallic 
deoxidants have been appended to this illustration. By 
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Fig. 3.--Equilibrium carbon oxygen contents in liquid 
iron at 1,600 C. (From data by Chipman'** and Moore."*’) 


employing low melting pressures, very low carbon 
oxygen values become attainable. At pressures of the 
order of 1 mm. of mercury, for example, carbon becomes 
a more efficient deoxidant than aluminium. Tix!®* has 
commented in this connection that vacuum remelting can, 
by breaking down the alumina, reduce considerably the 
oxygen content of fully killed steel. 

Fig. 4, which illustrates some results obtained by 


investigators at the Ford Motor Company,'®® compares 
the effectiveness of carbon and hydrogen as deoxidants 
for iron. The curves relate to 14 1b. induction melts of 
electrolytic iron deoxidised with either hydrogen or with 
0-1%, of carbon. The hydrogen was dried to a dew point 
of —45° F. before circulation over the molten metal 
surface. The carbon-oxygen reduction process was 
carried out at pressures in the range 1-12 microns. The 
rapid rate of the carbon reduction is particularly evident. 
The authors reported with both processes a practicable 
oxygen limit of 0-001°%. This value was attained with 
carbon in less than half an hour, whereas four hours of 
the hydrogen treatment only reduced the oxygen content 
to 0-0015% 


Rate of Reaction 

The data in Fig. 3 have been derived largely from the 
results of experiments made under equilibrium condi- 
tions, and it is pertinent at this stage to enquire whether 
comparable values are obtained during normal vacuum 
melting operations. The partial pressure of carbon 
monoxide over the melt is usually indeterminate, and 
similar in many instances to the vapour pressure of the 
metal. Because of hydrostatic pressure, vacuum con- 


ditions can only exist at the extreme surface of the melt 


where all the reduction processes must occur. The state 
of turbulence in the melt will influence considerably the 
rate of reaction. Metal-crucible reactions may also 
impose a limit below which the oxygen content of the 
bath cannot be reduced. 

Effects such as these were studied by Thomas and 
Moreau, who in 1946'*' remelted, under low pressure 
conditions in magnesia crucibles, steels containing known 
quantities of carbon and oxygen. The use of a high 
frequency furnace ensured efficient stirring of the melt. 
The furnace atmosphere, which contained an indetermi- 
nate quantity of carbon monoxide derived from the 
melt, was maintained at the desired total pressure level 
by additions of pure nitrogen. After remelting for 
various periods the melts were rapidly solidified, and 
oxygen determinations made by vacuum fusion methods. 
Figs. 5 and 6, which summarise some of the experimental 
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Fig. 4.--Comparison of carbon and 
hydrogen as deoxidants for molten elec- Fig. 5._-Reduction of carbon and oxygen contents during the 


trolytic iron. (Morgan and Frey.'*’) 
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vacuum remelting of steel. (Thomas and Moreau.'*') 
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Some results of Moore,’® summarised 
in Fig. 7, illustrate the effect of metal- 
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crucible reaction in a_ characteristic 
manner. The curves show the variations 
of oxygen and carbon contents during 
the vacuum induction melting of iron in 
a magnesia crucible. A sudden rise in the 
oxygen content occurs when the carbon 
content falls below 0-002%. Although 
the severity of metal-crucible reactions 
may vary considerably, the curves shown 
in Fig. 7 illustrate in a qualitative 
: manner the effects which occur whenever 
metal is heated at low pressure in contact 
with an oxide refractory. 
Hochmann,'**25 who experimented 
with carbon-containing chromium irons 
obtained similar results. His alloys, con- 
taining 25-30°%, of chromium, were 
vacuum melted in beryllia, magnesia, or 
alumina crucibles, thereby reducing the 
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Fig. 6. _-Reduction of carbon and oxygen contents during the vacuum 


remelting of steel. (Thomas and Moreau."*') 


results obtained, illustrate the effect of time and total 
pressure on the carbon-oxygen relationship. 

No reduction occurred when melting was carried out 
at atmospheric pressure, in spite of the fact that the 
initial carbon content was higher than that required to 
maintain equilibrium with the oxygen present. This 
could be accounted for by the tendency of carbon mon- 
oxide to remain in solution at the higher gas pressures. 
When the total gas pressure was reduced to 0-01 mm. of 
mercury, however, oxygen contents of the order of 
0-001°, were obtained after only ten minutes’ melting. 


Metal-Crucible Reactions 


The residual carbon contents obtained by Thomas and 
Moreau were much lower than could be 
accounted for by a simple reaction be- o1 
tween dissolved carbon and oxygen. 
With ingot 1, a residual carbon content 
of 0-14°, might have been expected if 
the reaction had proceeded to comple- 
tion. The final carbon content was, in 
fact, 0-025%. With ingot 2, an estimated 
reaction limit of 0-215% of carbon was 
found to be 00-08%. These anomalies 
were attributable to metal-crucible reac- 
tions which proceeded in parallel with the 
main reduction process. The final oxygen 
and carbon contents depended upon the 
balance arrived at between the following 
reactions : 
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carbon contents from 0-030°%, to 0-002°,. 


In magnesia crucibles the oxygen content 
could not be reduced below 0-01%. 
In beryllia or alumina it was practically 
eliminated. The limiting oxygen content 
obtained by Hochmann in a magnesia crucible was ten 
times that previously reported by Thomas and Moreau. 
This high value is probably attributable to the great 
affinity of chromium for oxygen. Hochmann found that 
the oxidising potential of magnesia in vacuo was, in 
fact, so high that carbon could not be used as an 
intentional alloying addition when this refractory was 
employed. 

Observations such as these indicate that the final 
balance between carbon, oxygen and metal will be 
dictated largely by the crucible material employed. 
Kubachewski'® has treated the vacuum melting of pure 
iron from thermodynamic aspects. Much of the diffi- 
culty involved is due to the high stability of dilute 
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Fig. 7. Changes of oxygen and carbon contents during the vacuum 
melting of steel, illustrating the effe 


ct of metal-crucible reaction. 
(J. H. Moore. Courtesy of ‘*Metal Progress’’.) 
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Fig. 8.--Dissociation pressures of dilute solutions of 
oxygen in molten metals compared with the oxygen 
potential of typical refractories. 


solutions of oxygen in many molten metals. The 
dissociation pressures of such solutions can be comparable 
to, and are in many instances much lower than the oxidis- 
ing potential of the refractory material with which the 
melt comes into contact. 

Thomas and Moreau used magnesia as a refractory. 
This material tends to dissociate in accordance with the 
following expression. 

2< MgO > = 2(Mg) + (O,) 

The free energy of the reaction at 1,600° C. is 169,500 
cal. mole. Hence 

log K, 19-75 
Now 

K, P*,,, P.. 
and since the vapour pressure of the magnesium is twice 
that of the oxygen, equilibrium conditions will be arrived 
at only when the total pressure over the melt reaches 
3°6 <x 10-*mm. of mercury. The partial pressure of 
oxygen will be 1-2 « 10-4mm. of mercury, the remain- 
der being due to the magnesium vapour. 

Under high vacuum conditions magnesium vapour will 
soon be disposed of. Equilibrium conditions are never 
achieved, and the refractory is encouraged to disinte- 
grate. The process is accelerated by the affinity of the 
melt for small traces of oxygen. The partial molar free 
energy of solution of oxygen in an iron bath already 
containing 0-2 at.% is 78,000 cal./mole at 1,600° C. 
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Such a solution is capable of extracting oxygen from any 
source having a potential higher than 6 «x 10-7? mm. of 
mercury. Since the oxygen potentials of most refrac- 
tories at 1,600° C. are very much higher than this value, 
the difficulties sometimes experienced during vacuum 
melting are readily explicable. 

Fig. 8 compares the dissociation pressures of dilute 
solutions of oxygen in iron, nickel and copper with the 
oxygen potential at similar temperatures of several 
refractory materials. It can be concluded that nickel 
is safely vacuum melted, even in magnesia, with little 
risk of oxygen pick-up. The ability of iron to extract 
oxygen from either beryllia, calcium oxide, or alumina, 
is clearly illustrated. Although the oxidising potential 
of thoria is very low, expense must preclude the use of 
this refractory for all except small scale experimental 
work. 

An attempt to obtain quantitative data on metal- 
crucible reactions was made by Bianchi in 1954. The 
technique adopted was to follow the rate of deoxidation 
of baths of iron, held in magnesia crucibles, over the 
surface of which a continuous current of very pure 
hydrogen was passed.'*!66 Further studies in vacuo 
gave rather inconsistent results.!® 

An interesting series of trials carried out by Bosworth'*? 
indicated that the oxidising potential of some refractory 
crucibles was not a simple function of the stability of the 
oxide from which they were composed, but was con- 
siderably influenced by the minor impurity content. 
The effect was particularly marked with magnesia. 

Charges of pure iron, weighing 200 g. and containing 
initially 0-003°%, of carbon and 0-0042%, of oxygen, 
were induction melted under a pressure of approximately 
10 microns in commercial crucibles of high purity 
alumina, zirconia, and magnesia. Some of the crucibles 
had been pretreated for considerable periods in hydrogen 
at 1,700° C. Samples taken from the metal bath at short 
intervals during the melting cycle indicated that the 
oxygen content achieved a substantially constant value 
a few minutes after complete fusion. Table II sum- 
marises some of the results obtained with treated and 
untreated crucibles. 


An interesting feature of these results is that although 
the iron picked up a great deal of oxygen from all three 
refractories the effect was least pronounced with mag- 
nesia. The findings contradict, therefore, those of 
Hochmann, who found alumina to be a far more stable 
refractory than magnesia. Bosworth concluded that 
the oxidising potential of the refractories was largely 
determined by the suboxides and impurity oxides 
present. Compounds such as FeAl,O, could be readily 
formed by interaction between iron oxide and the 
alumina crucible material. Such compounds have free 
energies which may be as low as — 10 k. cal. /mole at the 
temperatures under consideration, and could therefore 
be readily reduced by molten iron. Hydrogen reduction 
at 1,700°C. would tend to eliminate such unstable 
compounds. The following reaction was suggested as 
being typical of those which occur :— 


+ -2Fe + 3H,0 
(solid) (gas) (liquid) (gas) 


Reduction processes such as these would minimise the 
quantities of oxygen readily available in the body of the 
refractory. The general shrinkage and consolidation 
which oceurs during high temperature hydrogen firing 
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rABLE LL.—-OXYGEN CONTENTS OF LRON VACUUM MELTED IN OXIDE 
REFRACTORY CRUCIBLES. (BOSWORTH). 


Alumina Zirconia Magnesia 
nontreated 0-020 % 0-0156% 
Tre ited 0-O192% 


may also contribute towards the improved behaviour 
of the magnesia after this treatment. The author 
visualises an attack or “ etching ” of the crucible walls 
during the melting process. Attainment of oxygen 
equilibrium could reasonably coincide with the establish- 
ment of a constant interface area between charge and 
crucible. 

Although the effect of hydrogen treatment upon the 
subsequent behaviour of magnesia crucibles is of con- 
siderable interest, and possibly of fundamental impor- 
tance, the improvement in performance, as indicated by 
the lowered oxygen contents, can only be regarded as 
marginal. The lowest oxygen value obtained, for 
example, was 0-0082°,, approximately eight times 
higher than those reported by Thomas and Moreau, and 
by Moore. It must be emphasised, however, that the 
iron used by Bosworth had an inherently low carbon 
content, which would have been insufficient to minimise 
the rate of oxygen absorption. 

The maintenance of a low oxygen content is in fact 
best assured by reliance upon a fairly high carbon 
value. Because equilibrium conditions need never be 
approached, a low oxygen content can be arrived at by 
casting the ingot after a melting cycle of suitable 
duration. Although this technique is practised on an 
industrial scale with considerable success the basic 
mechanisms involved are still not fully understood. The 
authors of a recent paper on the carbon-oxygen relation- 
ships in molten iron made significant progress towards a 
solution of some of these problems. 

Parlee, Seagle and Schuhmann"** concluded that a 
true understanding of the relationships between carbon, 
oxygen, and molten iron could not be arrived at without 
reference to metal-crucible reactions. Under limiting 
conditions the rate of the metal-crucible reaction was 
found to be similar to that of the reaction taking place at 
the gas-metal interface. A sensitive index of the extent 
of the reaction under vacuum conditions was afforded by 
the amount of dissolved aluminium taken up by the 
melt from the alumina crucible. The effect could be 
demonstrated visually in a very simple manner by 
admitting carbon monoxide above the surface of a molten 
charge previously degassed in vacuo. A thick crust was 
almost instantly formed on the surface of the molten 
metal. This crust consisted of finely divided alumina, 
formed by the sudden reaction between dissolved 
aluminium and the carbon monoxide atmosphere. 

The authors found that the results of their determina- 
tions were explicable on the assumption that limiting 
conditions occurred at both gas-metal and metal- 
crucible interfaces. Dissolved carbon and oxygen had 
to come to a surface to react. The existence of relatively 
‘stagnant ”’ films at the gas-metal, and metal-crucible 
interfaces was postulated, the rate of carbon-oxygen 
reaction being controlled by the rate of oxygen diffusion 
through these boundary layers. 

No determinations of the oxygen content of the iron 
were made by these investigators, who followed the rate 
of progress of the reaction between the liquid metal, 
carbon monoxide, and alumina crucible by means of the 
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changes of gas volume at constant pressure. The effect 
of gas pressure on the rate of evolution of carbon mon- 
oxide was found to agree with theoretical predictions as 
to the effect of gas pressure on the following reaction : 


} <Al,0,> + [Clp. > #(All,, + (CO) 


The working and mechanical properties of certain 
high duty nickel based alloys are profoundly affected by 
traces of boron and zirconium introduced from the 
crucible during vacuum melting. In the experiments 
reported,'™ boron contamination up to 0-008°%, resulted 
from melting in slightly impure magnesia crucibles. 
The zirconia crucibles employed introduced up to 0- 19%, 
of zirconium. No contamination resulted from melting 
in the alumina crucibles employed, which were fairly 
pure. Alloys melted in these pure oxide crucibles had 
mechanical properties inferior to those which contained 
traces of zirconium or boron. Excessive quantities of 
these two elements in combination, however, impaired 
hot workability and led to reduced mechanical properties. 


(to be continued) 
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A New High Temperature Steel 


AMUEL FOX & CO., LTD., a subsidiary of The 
United Steel Cos., Ltd., has started commercial 
production of a new alloy steel designed for service 
temperatures up to 675° C. Known as Esshete 1250, this 
austenitic creep-resisting steel is the outcome of five 
years of research and testing, with the result that 
unusually comprehensive data is available on its proper- 
ties and performance. 

Esshete 1250 is a 15%, chromium, 10% nickel, 6°, 
manganese steel, the composition including smaller 
percentages of silicon, molybdenum, vanadium, niobium 
and boron. It is claimed that it combines a high level of 
rupture strength with adequate ductility, good welda- 
bility, structural stability and oxidation resistance at 
elevated temperatures for long periods. It also has good 
manipulation properties. The steel is thus admirably 
suited for service in power stations of advanced design. 


Esshete 1250 has proved satisfactory in the production 
of bars, tubes, pipes and large forgings, and sheet trials 
are in progress. Large bars, pipes and plate can be 
readily fabricated in either the hot or cold condition, 
cold forming being understood to include temperatures 
not exceeding 650° C. and hot forming not less than 
900° C. Whichever method of fabrication is adopted, 
the material requires a re-solution treatment within the 
range 1 ,050—-1,150° C. 

In extensive weldability trials, employing various 
experimental and commercial electrodes, Esshete 1250 
gave excellent results. 

The structural stability of the steel compares most 
favourably with other more conventional austenitic 
steels. Its oxidation resistance has been assessed by a 
combination of laboratory tests and exposure in an 
experimental element in a power station for a period of 
approximately two years. In this case, too, Esshete 1250 
has shown characteristics similar to those of other 
austenitic steels of the same chromium content. 


The normal mechanical properties of the steel at 
room and elevated temperatures are shown in Table I. 
Particular attention has been devoted to the stress-to- 
rupture properties, the test programme having covered a 
period of 25,000 hours to date. The results of this exten- 
sive testing are summarised in Table II. Creep testing 
up to 10,000 hours has been carried out to determine the 
stress to give 0-1°%, and 0-2% strain, and the results of 
these tests are summarised in Table III. 

Like other austenitic steels in the solution-treated 
condition, Esshete 1250 has low proof stress values. 
These can be improved by warm working, and this pro- 


TABLE L.—TYPICAL MBCHANICAL PROPERTIES IN THE SOLUTION 
TREATED CONDITION 


Limit of Modulus 
Test Nensile Proof Stress Propor- Klonga- Reduc- | of 
Temp Strength (tons/sq. in.) tionality tion tion of |Elasticity 
erature (tons - (tons / m Area (tons/ 
eo aq. in.) | (O-1%) | (0+2%) | aq. in.) (%) (%) | sq. in.) 
20 39-0 13-8 15-0 7 67-0 69-6 13,400 
34-35 10-6 11-6 5-2 64-5 72-0 13,000 
200) t1-8 9-9 10-1 42 55-0 70-3 12,500 
8-5 9-4 5°6 45-0 64-0 11,900 
400) 31-5 8-6 9-1 4-4 47-7 60-8 11,300 
8-2 4-8 60-8 11,70 
600 4-8 47-4 64-0 10,200 
700 23-0 3-6 40-0 51-2 9.650 


TABLE I1.—-8TRESS-TO-RUPTURE TEST RESULTS 


Time Stress to Rupture (tons/sq. in.) at 
(hours) | 625°C. 675° ri 
240 20-5 18-0 16-5 15-5 
300 22-0 18-5 10-5 15-1 14-6 
1,000 20-0 17-0 15-0 13-5 13-0 
3,000 18-5 16-0 14-0 12-0 10-0 
10,000 16-8 14-5 12-5 10-4 
30,000 (15-0) (13-3) (il-4) (8-9) (4°8) 
(13-9) (12-5) (10-8) (8-2) (4-5) 
TABLE TEST RESULTS 
iat Stress for 0-1°, Creep Strain Stress for 0-2%, Creep Strain 
(tons/sq. in.) after (tons/sq. in.) after 
(° C.) 1,000 hr. 3,000 hr. 10,000 hr. 1,000 br. | 3,000 hr. 10,000 hr. 
7:60 6-00 5-15 7-80 7°25 6-65 
675 6-55 5°45 4-70 7°30 6-0 560 
60 1-80 5-60 5-30 


cess is found, in fact, to push up the 0-1°, proof stress 
to 32 tons/sq. in. at room temperature and 23 tons 

sq. in. at 625° C., while still holding elongations on 4y 

of the order of 48%, and 25%, respectively. The hard- 
ness of the steel is not altered at 625° C., but at room 
temperature is the equivalent of 43 tons /sq. in. ultimate 
tensile strength, which is only slightly more than in the 
normally rolled condition. Warm working also im- 
proves the creep properties, so that the steel is well 
suited in this condition for use as a high temperature 
bolting material. 


Savings from Carbide Injection 


EXTENSIVE tests have shown that carbide injection 
equipment supplied by British Oxygen will enable the 
Aston works of Spartan Steels & Alloys, Ltd., to make 
fuller use of scrap metal in producing stainless steel. 
With the carbide injection process the sulphur content 
of the raw material can be reduced to the required level 
without having to use relatively expensive pig iron. 
Equipment consists of a carbide dispenser and a lance. 
Carbide is blown through the lance and into the melt by 
compressed nitrogen. 

Suiphur content in a 3-ton melt can be reduced from 
0-078%, to 0-024%, in twenty minutes, using 200 Ib. 
of carbide and 200 cu. ft. of nitrogen. It is claimed that 
other fluxing agents would take at least two hours at 
several times the cost. At present, Spartan Steels are 
using carbide injection on one 3-ton furnace. Their 
second 3-ton furnace will soon be employing the technique 
and ultimately both will be doing six melts a day, using 
carbide injection. 


Gas Cleaning at Arc Furnace Plant 


Wuen the Steel, Peech & Tozer branch of the United 
Steel Cos., Ltd., announced their £10 million scheme for 
the replacement of all existing open hearth steel melting 
furnaces by six 110-ton oxygen-lanced electric are 
furnaces, it was stated that special attention would be 
given to the selection of fume extraction equipment. 
An order has now been placed with the gas cleaning 
division of W. C. Holmes & Co., Ltd., to supply gas 
cleaning plant for each of the first two furnaces to be 
installed at Templeborough Works. Each gas cleaning 
installation consists of a direct fume extraction system, 
an electrical precipitator and a common water treat- 


ment plant. 
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The Ferritisation of S.G. Cast Iron by the 
Controlled-Cooling Process 


By G. J. Cox, A.C.T.(B’ham), A.I.M.* 


The development in S.G. iron of the ferritic matrix necessary where increased ductility and shock 
resistance are required is achieved commercially by (a) the three-stage process, (b) the two-stage process, 
and (c) controlled-cooling. The first two methods involve holding at 700° C. for a prolonged period, 
and the controlled-cooling technique would appear to offer advantages on the grounds of cost if the 
permissible cooling rate were high enough. This speed depends on the composition of the iron, the 
amount of pearlite permissible for maximum ductility, and the as-cast section size. The author 
presents here the results of an investigation undertaken to study the first two of these factors. 


Introduction 


N the as-cast condition 8.G. iron usually has a matrix 
I structure consisting mainly of pearlite, and when 
increased ductility and shock-resistance are required 
it is necessary to develop a ferritic matrix by some form 
of heat treatment. 
The various treatments which will produce a micro- 
structure consisting of graphite in a matrix of ferrite 
consist essentially of two parts : (1) austenitisation, and 
2) ferritisation. It was formerly believed that the main 
purpose of austenitisation was to eliminate any eutectic 
carbides which might have formed during solidification, 
and that if it was unlikely that carbide would be present 
in the casting, ferritisation could be achieved by merely 
holding for a suitable period at a sub-critical temperature, 
e.g. 700° C. However, as shown by Gilbert,' if maximum 
impact values are to be obtained, prior austenitisation 
is essential. The various annealing heat treatments 
which are commercially applied to S8.G. iron may be 
described as follows : 


(1) The Three-Stage Process—This treatment consists 
in austenitising the castings for an appropriate 
period, e.g. 2-8 hours, furnace-cooling at the most 
convenient rate to about 700° C., and holding for 
4-16 hours at that temperature. The castings are 
then sometimes furnace-cooled to 300°-400° C. 
and finally air-cooled, but more generally they are 
simply air-cooled from about 650° C. 

Some ferritisation of the austenite can take 
place during cooling over the range 800°C. to 
about 750°C., and ferritisation of pearlite is 
effected by holding at 700°C. Clearly, the amount 
of pearlite to be ferritised at 700° C., and hence the 
holding time needed at this temperature, will 
depend on the rate of cooling from 800°C. This 
process may therefore be described as a three-stage 
treatment. 


(2) The Two-Stage Process—This treatment com- 
prises austenitising and then air-cooling to room 
temperature. The castings are then re-charged 
into a furnace held at about 700° C. for ferritisation. 
When this process is used the ferrite forms primarily 
from pearlite. 


© The International Nickel Co. (Mond), Ltd., Development and Research Department 
Laboratory, Birmingham. 


July, 1961 


(3) The Controlled-Cooling Process—This consists in 
cooling at a controlled rate from the austenitising 
temperature down to 650°C. The castings are 
then removed and air-cooled. In this case the 
ferrite will form primarily from austenite as the 
iron passes through the eutectoid range. 


To date, the controlled-cooling method is probably 
least often used and its value has not yet been fully 
assessed. 


Relative Merits of the Ferritising Processes for 
S.G. Iron 


All the processes summarised above have received 
study by previous investigators and it is known that 
practically complete elimination of pearlite, accompanied 
by satisfactory mechanical properties, can be achieved 
by any one of the three methods. Their relative merits 
therefore depend upon comparative cost, which is, of 
course, mainly dependent upon the time needed for 
treatment. However, it has been clearly shown that in 
the treatment of S.G. irons ferritisation of austenite is 
more rapid than that of pearlite,? and it would seem 
therefore that the controlled-cooling method is to be 
preferred. 

Despite these considerations, Millis* and Savage* 
suggest that when using the controlled-cooling process 
the maximum cooling speed permissible through the 
eutectoid range (790°-650° C.) is 19° C./hour, and Perry 
and Rehder® conclude that the maximum allowable 
speed is 45° C./hour. It is clear that limits of this order 
preclude the use of very rapid ferritisation processes. 
On the other hand, Hodgson and Fairhurst,* and more 
recently Eckel’, have found that cooling speeds con- 
siderably in excess of even 45° C./hour could result in 
almost complete elimination of pearlite. 

The maximum cooling speed that can be used will be 
dependent primarily upon (1) the composition of the 
iron ; (2) the amount of pearlite which can be tolerated 
in the microstructure of the iron, concomitant with 
obtaining maximum ductility ; and (3) the as-cast section 
size. The present investigation was undertaken to 
study the first two of these factors. 


Materials Used 


The compositions of the irons used are given in Table I. 
These irons are typical of those likely to be encountered 
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TABLE L.—OOMPOSITION, MI¢ 


position 


ROSTRUCTURE 


AND HARDNESS OF THE L[LRONS “ AS-CAST 


Microstructure 


Tron Brinell 
No ce Pal Mu st Ni iY My Hard 
(%) (%) (%) (%) (%) (%) (%) (%) (Crraphite Matrix ness 
1 2-00 ool ool 0-056 3.G CAG 45-5%, ferrite, remainder pearlite 
4} 0-30 | 1-70 0-055 ye, cA Katimate 3°, ferrite, remainder peurlite About 
6} 2" 0-060 90% SA Katimate 5%, ferrite, remainder pearlite About 
S4i. Spheroidal Graphite. 
44, Compacted Graphite 
Chemical determination: the other elements were determined spectrographically 
+ Nominal analysis of base iron 
The samples produced to this composition were too numerous to Make in one melt: the analysis shown is therefore that typical of several casts 


industrially, and all except No. 3 were made from 
Warner S.P.H. pig iron. For iron No. 3, Bremanger 
oxygen-refined pig iron was used. 

The nickel-free irons were made by plunging the melt 
with magnesium turnings at 1,400°C., the nickel- 
containing irons by tapping the metal at 1,420° C. onto 
a 15%, Mg-Ni alloy. In both cases inoculation with 
ferro-silicon (80°, Si) followed, and finally the metal was 
poured into green-sand moulds, to produce | in. thick 
keel-block castings. As-cast microstructures are given 
in Table I. (In this and all subsequent cases the amount 
of pearlite present was determined by linear analysis, 
using a phase-counting device.) 


Experimental Procedure and Results 


Effect of Cooling Rate on Microstructure and Hardness 


This part of the work was confined to Irons Nos. 1-5. 
Samples } in. square were heated for 2 hours at 900° C., 
in a tubular resistance furnace, and were then cooled 
linearly from 900° to 650° C. at 5, 15, 40, 70, 100, 130, 
160 or 200° C. /hour. Specimens so treated were subjected 
to microscopic examination and hardness testing. The 
effect of cooling rate on pearlite content is shown in Fig. 
| and its influence on hardness in Fig. 2. 

As would be expected, the degree of ferritisation 
obtained is dependent upon the composition of the iron. 
Thus nickel, manganese and chromium are seen to retard 
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Effect of controlled-cooling rate on the amount 
of pearlite formed. 


180 
RATE OF COOLING FROM 900 To 650°%C.—T./hr 


Fig. 1. 


the ferritisation, the relative effects of these elements 
being similar to those found in previous work on the 
three-stage process.* In normal practice probably only 
Irons Nos. 1-4 would be considered suitable for annealing. 

A check was made on ferrite grain-size of the samples 
cooled at the respective speeds, but no significant 
differences were found. 

As stated above, in these tests linear cooling rates were 
used from 900° C., but it has been implied by other 
investigators that when using the controlled-cooling 
process the cooling rate between 900° and 790° C. is 
unimportant, since the critical range for ferritisation 
lies between 790° and 650° C. 

Tests were first made to check the effect of rapid 
cooling from 900° C. to the upper temperature of the 
ferritising range. The irons were austenitised for 2 hours 
at 900° C., and then rapidly cooled to (a) 800° C. or 
(b) 750° C. All specimens were then cooled at 70° C. hour 
to 600° C. The microstructures so produced are detailed 
in Table II. Comparison with the results of the linear 
cooling tests shows that very rapid cooling to 800° C. 
has no detrimental effect, but that the same rate of 
cooling to 750° C. leads to somewhat less satisfactory 
results. 

Thus, for practical purposes the upper critical tem- 
perature for irons of the compositions studied may be 
taken to be 800° C., but its exact position will depend 
upon (a) the composition of the iron and (b) the speed of 
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TABLE IL—-EFPECT OF INITIAL RAPID COOLING FROM 900°C. TO 
INTERMEDIATE TEMPERATU RES ON THE MICROSTRUCTU RES OF TRONS 
SURSEQUENTLY COOLED AT 70 ©. /HOUR TO 650 ¢ 


Specimen Composition of Matrix 
lreatment Iron No (pesrlite remainder ferrite) 

Specimens held at 900°C, for 2 6-0 

hours furnace-cooled at 2 19-6 

approximately 1,00" 3 

te 750° C., and then cooled at 4 S83 

7 te 650° followed 

by air-cooling 


Specimens held at 900°C. for 2 1 
hours furnace-cooled at 2 1 
approximately 1.000? ©. /hour 3 1 
to 80° C., and then cooled at 4 2 
7 ©. /hour to 650° followed 3 
by air-cooling 


cooling. The effect of these factors has been indicated 
by Rehder.’® 

Since it was considered likely that the recommended 
finishing temperature of 650° C. was unnecessarily low, 
tests were made to check this point and to provide 
additional information on the microstructural changes 
occurring during the cooling process. Specimens of 
Irons Nos. 1, 2 and 3 were cooled from 900° C. at 50 
C. hour and were water-quenched from selected tem- 
peratures. The results of microscopical examination 
and hardness testing of these samples are given in Figs. 
3,4 and 5. Again it is indicated that the upper critical 
point may be taken as approximately 800° C. and also 
that, contrary to previous recommendations, cooling 
need not be continued below 700° C. before extraction of 
the casting and air-cooling. In commercial practice, 
however, some margin is necessary and castings may 
well be left to cool in industrial furnaces to 650° C., 
before withdrawal. 


The results already obtained indicate the effect of 
manganese on the response of nickel-free irons (i.e. 
Irons Nos. | and 2, Fig. 1). Further tests were made to 
study the effect of continuous variation of the major 
elements on the response to ferritisation of the nickel- 
containing S.G. irons. For these tests a standard 
cooling speed considered appropriate for a 2-0°, Si, 
0-30°,, Mn, 0-85°, Ni iron was used. 
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Fig. 4.-Microstructure and hardness of specimens of 
tron No. 2 quenched during controlled-cooling at 50° C. /hr. 


July, 1961 


j 
ot 


¥ 
w 
J 
700 PERCENTAGE 
HARDNESS FERRITE 
> 4 

600} 


500 
ie) 10 20 30 50. 70 90 100 
PERCENTAGE FERRITE IN MATRIX 


° 100 200 300 400 500 
BRINELL HARDNESS 


Fig. 3. -Microstructure and hardness of specimens of 
Iron No. 1 quenched during controlled-cooling at 50° C. /hr. 


Effect of Silicon, Manganese, Nickel and Magnesium on 
the Ferritisation of Irons Continuously Cooled at 50° C. 
hour. 


The analyses of the irons used are shown in Table ITI, 
together with the results obtained after treatment. 
Figs. 6, 7 and 8 show, respectively, the effects of silicon, 
manganese and nickel. The effect of silicon was deter- 
mined on three types of base iron. All the specimens were 
austenitised for 2 hours at 900° C., in an electric furnace, 
and cooled at 50° C./hour from 800° to 680° C., from 
which temperature they were air-cooled, 

As shown by Fig. 6, silicon has a marked effect on the 
amount of ferrite so obtained, and if this heat treatment 
is applied to highly alloyed irons, such as those corres- 
ponding to curves B and C in the figure, the silicon 
content has a particularly critical effect. Thus, Eckel® 
studied the ferritisation of an iron similar to Iron No. 4 
(Table 1), and obtained satisfactory ferritisation at 
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Fig. 5._-Microstructure and hardness of specimens of 
Iron No. 3 quenched during controlled-cooling at 50° C. ‘hr. 
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Fig. 6. -Effect of silicon content on the amount of pearlite 
formed on controlled-cooling at 50° C. /hr. (see Table III). 


cooling rates much higher than those used in the present 
investigation. The silicon content of his specimens was, 
however, 0-5°%, higher, i.e., 2-4-2-6°,, and this is the 
probable explanation for the discrepancy. It must be 
remembered, however, that whilst a high silicon content 
in S8.G. iron assists ferritisation, this element adversely 
affects the impact properties and, for this reason, should 
not normally exceed 2-5°,. 

Much of the 8.G. iron currently produced contains 
silicon 2-0-2-2%, nickel 0-8-1-0°,, and manganese 
0°30°,, and Fig. 7 shows that, as indicated by the 
results of the initial experiments, a cooling speed of 
50°C. hour would probably effect satisfactory ferriti- 
sation of such an iron. It is also clear, however, that if 
the manganese content were raised, the use of slightly 
slower cooling speeds would become necessary. 

Nickel has a less marked effect than manganese, but 
Fig. 8 indicates that, at the selected cooling speed, about 
1-00°, nickel is the maximum which can be present 
without formation of increased amounts of pearlite. 
It has already been demonstrated that in the absence of 
nickel very fast cooling rates (up to 80°C. hour) may 
be used (Iron No. 1, Fig. 1), whilst with a high nickel 
content (1°5°, or above) cooling speeds of less than 
15°C, hour must be employed to obtain satisfactory 
results (Iron No. 4, Fig. 1). 

Magnesium has no effect on the response to ferritisation 


(Table IT). 
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Fig. 8. Effect of nickel content on the amount of pearlite 
formed on controlled-cooling at 50 C. hr. (see Table III). 
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Fig. 7. Effect of manganese content on the amount of 
pearlite formed on controlled-cooling at 50 C. hr. (see 
Table III). 


Comparison of the Mechanical Properties of S.G. Iron 
Ferritised by the Three-Stage Process and by Controlled- 
Cooling, and the Effect of Residual Pearlite Content. 

The object of these final tests was twofold : 

(1) To make simple comparisons between the mechani- 
cal properties of irons ferritised by the three-stage 
process and by a controlled-cooling process. 

(2) To determine the critical pearlite content in S.G. 
iron above which the ductility might be expected 
to deteriorate. 

A large number of keel-block castings were produced 
from an iron of composition corresponding to No. 6 
(Table I): one group was ferritised by three-stage 
processes, the other by controlled-cooling processes. 
The tensile and impact properties of the irons so treated 
were determined and sections were cut from each 
specimen for microscopical examination and hardness 
testing. (The tensile specimens had a diameter of 
0-564 in. and a gauge length of 2in.: the impact tests 
were made on 0-450 in. diameter notched Izod specimens.) 

Details of the treatments and the results are shown 
in Tables IV and V. The values given indicate no 
significant difference between the mechanical properties 
obtained by the two treatments, although the con- 
tinuously-cooled samples generally contained slightly 
more pearlite than those which had been annealed by 
the conventional procedure. 

It is, however, clear, that when a certain critical 
quantity of pearlite is present in the microstructure of 
S.G. iron, ductility is impaired. Obviously, in the last 
test this level had not been reached, although the cooling 
speed used was considered a marginal one for this 
particular composition, and was indeed the fastest that 
the furnace was capable of giving. It is obviously 
important that this critical level should be established, 
since it will determine the maximum permissible cooling 
rate. 

In order to determine this critical value, keel blocks of 
Iron No. 4 were austenitised and then cooled to 690° C. 
at 50° C. hour, at which stage some of the specimens 
were extracted and air-cooled, whilst others were held 
for various lengths of time at 690° C. before air-cooling. 
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TABLE OF SILICON, MANGANESE, NICKEL AND MAG 

NESIUM ON THE MICROSTRUCTURE OF IRONS AUSTENITISED FOR 

2 HOURS AT 900° C, AND THEN CONTINUOUSLY COOLED AT 50 C./HOUR 
ro c, 


(Com position Percentage 
Pe urlite 
I iption in Matrix 
‘ si Mn N Mz (remainder 
(%) (%) (%) (%) fecrite) 
SILICON SERIES 
(A) Mn 20-49-25, 1-47 O-GS | 23-2 
Ni 1-75 0-69 4 
| 2-47 0-79 
(B) Mn 0-27-49 32% 1-30 | 0-27 0-061 
Ni 1-65-1-75% | 3-20-3-40° 1-72 | 0-29 1-70 | 23-4 
2-10 | ) 1-70) 23-5 
20-53-40 “0-32 1-75 105 1-9 
(C) Mn 0-85-1-06% 1-65 | O-S3 0-63 0-080 
Ni 0-61-0-71% 2°17 | | 0-61 067 24-9 
3-10 1-06 0-71 0-063 
VANGANESE 
SERIES 
Ni 1-95 | 0-24 
2-10 “0-25 0-062 6-5 
1-95 | | O-85 O-145 
0-46 | 0-68 | 0-076 
2-17 0-61 0-067 
VICAKEL SERIES 
Si 10%) 2-00) 0-30) 0-10 | 0-056 2 
Mn 0-24-0-30°, 2) 0-66 
125 2-10 | O-30 145) 071 12-6 
2-10) O-30 1-70 | O-055 23-5 
WVAGNESIIUM 
SERIES 
N 1-66 1-oo 1-056 
0-080 
> 20-35-40 2-10 6-5 
1-75 0-69 
1-95 2 
1-95 | O-D45 


* Nominal content 


(The tests were made on Iron No. 4 because the earlier 
experiments had shown that this composition would 
give an appreciable quantity of pearlite after continuous 
cooling at 50° C./hour.) A large number of keel blocks 
of Iron No. 6 also were similarly treated. 


TABLE V IMPACT PROPERTIES, HARDNESS AND MICROSTRUCTURE 
OF TRON NO. 6 AFTER TREATMENT BY A THREE-STAGE PROCESS AND 
BY CONTROLLED—-COOLING 


Brinell Percentage 
Impact Hard Pearlite 
Design ition | Description of Process Spbhecimen Values ness Matrix 
No (ft. 1b.) (120-ke. (remainder 
ul ferrite 
fonventional Specimens held for 4 14,14, 15 155 
Three Stage hr. at oo furnace 2 14, 14, 14 152 1-4 
Treatment coolel to 690° ¢ at 14, 14, 13 14) 
/ held 16 14,15, 14 146 
bir at Gm then 
air-cooled 
Cont coiled Specimens held for 4 1 14, 15, 15 152 2-8 
(Cooling br. at 900° furnace 2 14, 14, 14 153 1-8 
Treatment cooled to 650° ¢ at 3 14, 13, 15 156 8 
and then 15, 14, 13 
sir-cooled 
Specimen No. 4 was 
cooled at he 
from to ¢ 


These treatments produced specimens having various 
residual pearlite contents and again the tensile and 
impact properties were determined and the amount of 
pearlite present in each specimen was found by linear 
analysis. As a means of conveniently summarising the 
results, two ductility criteria were used : tensile elonga- 
tion and impact values as percentages of the maximum 
values obtained for each of the irons, and these percentage 
values were plotted against pearlite content. The 
results are shown in Figs. 9 and 10. In each figure the 
horizontal line represents the average percentage value 
obtained from irons containing less than 3-0°, pearlite. 

The figures show that in some instances abnormally 
high pearlite contents were found in both these irons. 
This is due to variations in composition, particularly in 
silicon and nickel contents, but these differences were 
relatively slight (0-25-0-30°,) and would not, per se, 
have any significant effect on mechanical properties. 
The results emphasise the fact that the cooling speed 
used for this test was only marginally satisfactory. 

The pearlite morphology of the specimens also varied, 
but this effect was not considered to be of sufficient 
proportion to be significant. Thus, although the 
continuously-cooled specimens generally contained more 
lamellar pearlite, the pearlite in nearly all the specimens 
consisted of a mixture of the lamellar and spheroidal 
forms. 


TABLE IN TENSILE PROPERTIES, HARDNESS AND MICROSTRUCTT RE OF [RON NO. 6 AFTER TREATMENT BY A THREE-STAGE PROCESS AND 
TY CONTROLLEDOOLING 


Designation Description Specimer 
of Process No 


Conventional Specimens 1-4 were held for 4 br st own ¢ 
Three-Stage furnace-cooled to 690° at 50° held 16 
Treatment hr. at 690° (. and air-cooled 
Specimens 5 and 6 were held for 16 br. at 0” ¢ 
and for 48 hr. at 690° C. before air-cooling 


Controlled The specimens were held for 4 br. at 900° « 
Cooling furnace-cooled to 650° C, at 30° C./hr. and then 
Treatment sir-cooled 
Specimen No. 10 was cooled at 100° C./hy 
from 900° ©. te BOO 
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Mechanical Properties 


Limit Percentage 
itimate 0-2% of Brinell Pearlite 
Persile Proof Proper Elongation Hardness Matrix 
Stress Stress tionality on 2 in (120 keg (remainder 
(tons (tons (toms (%) leona) ferrite) 


OS 0S OS OS OS OS 


x 
4 
3 
30-1 23-6 16-1 29-0 161 
2 wel 23-3 15-6 29-0 16) 
S1-2 23-5 15-3 24-0 16s 
30-8 25-2 16-1 27-0 136 
28-0 20-6 15-4 28-0) 145 Trace is 
Pia 1 30-3 22-3 16-0 0 163 6-6 
2 30-3 22-0 16-0 162 6-1 
; 30-2 21-8 14-0 0 163 
‘ 30-1 22-7 17-0 0 164 
5 20-8 22-4 17-0 0 167 4-2 
6 22-8 16-6 0 142 7:4 
7 0-4 21-6 15-6 0 161 4-8 
29-9 22-9 14-0 158 2-0 
29-0 20-5 14-9 146 5-9 
19 


@ IRON No 4 MAX |ZOD OBTAINED =13-0 
x IRON No 6 MAX IZOD OBTAINED = 14-7 
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Fig. 9. 
impact values of S.G. iron. 


It is therefore concluded that tensile ductility will be 
unaffected until the pearlite content exceeds 10°,, but 
that notched room-temperature Izod values will be 
slightly impaired if pearlite is present in excess of 8-10°,,. 


Discussion 


The results of this work show that it is possible to 
effect quite rapid ferritisation by controlled-cooling, 
especially in irons of compositions similar to that of Iron 
No. |. Ferritisation by controlled-cooling will be con- 
siderably more rapid than that resulting from the two- 
stage process, but its superiority over three-stage processes 
will depend upon the amount of pearlite formed during 
the intermediate stage of the latter. Thus, if the furnace 
available for the treatment has a high natural cooling 
rate, then, as the castings pass through the eutectoid 
range a large part of the austenite will transform to 
pearlite. In these circumstances it would be better to 
use the controlled-cooling method, thereby ensuring that 
the predominant reaction is the ferritisation of austenite. 


In practice, however, probably most annealing furnaces 
cool slowly over the important temperature range (800°- 
700°C.) and, unless the iron being treated contains 
potent amounts of pearlite stabilisers, only a small 
proportion of pearlite will form. In these cases this 
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Fig. 10.—Effect of residual pearlite content on the tensile 
elongation values of S.G. iron 
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pearlite may be easily reduced by isothermal treatment, 
and, from this aspect at least, the controlled-cooling 
method will not be particularly advantageous. 


Unlike the pearlite content, the hardness values at 
which deviation from the best results will occur will not 
have general significance, because they will obviously 
vary with the composition of the iron. The relationship 
between the percentage of pearlite and the hardness of the 
various irons is shown in Fig. 11. It should be noted 
that as only a small change in hardness occurs over the 
critical pearlite ranges careful measurements are 


necessary. 
The conclusions reached concerning the amount of 
pearlite tolerable in highly ductile S.G. iron are in 


general accord with those of other workers. Thus, data 
presented by Rehder'® and Eckel’ suggest that at least 
10°, of pearlite can be present in annealed S.G. iron with 
little adverse effect on tensile elongation. In studying 
the effect of pearlite on the impact value Carr and 
Steven" did not detect deleterious effects below 10°, 
pearlite, whilst Sandoz, Bishop and Pellini'® came to a 
similar conclusion with regard to the effect of residual 
pearlite on the impact-transition temperature. Although 
in the present investigation the impact-transition tem- 
peratures of the irons were not determined, it is probably 


b 
2) 


2) 


3 


PERCENTAGE PEARLITE IN MATRIX 


10 5 
HOURS AT 690°C, 
Fig. 12. -Effect of treatment at 690° C. on the amount of 


pearlite retained in Iron No. 5 after austenitising at 900 C. 
and cooling from 800 C. at 50 C. hr. 
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Fig. 13.--S.G. cast iron containing 3°, pearlite. Etched 
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significant that changes in the transition temperature 
can be related to an increase of hardness, and it is clear 
that no significant rise in hardness is found with 10°, of 
pearlite present (Fig. 11). 

To obtain high tensile ductility and impact values in 
irons which are inherently difficult to ferritise, it is 
probably preferable in any circumstances to use the 
three-stage process. Results from the treatment of Lron 
No. 5 are depicted in Fig. 12. These show that, as with 
the controlled-cooling method, even a prolonged treat- 
ment of this iron results in a marginal pearlite content. 
However, if the three-stage process is used the residual 
pearlite will be completely spheroidised and will there- 
fore have the minimum adverse effect on ductility. 

In Figs. 13 and 14 are shown the appearance of irons 
containing 3 and 13°, pearlite, respectively, and slightly 
impaired properties would be anticipated from the latter. 


Conclusions 
(1) From the results of the tests described it may be 
concluded that 8.G. iron can be ferritised by continuous- 
cooling at controlled cooling speeds. The speed permis- 
sible will depend primarily upon the composition of the 
iron, and results for typical S.G. irons are given. 


(2) Assuming a base iron of reasonable purity and a 
silicon content of 2-0-2-2°,, it is suggested that the 
following approximate speeds of cooling through the 
critical range should, respectively, be suitable for irons 
of the compositions indicated below :— 

Marimum Rate 
of Cooling 
Over the 
Critical Range : 


Trons C./hour) 
(a) Nickel-free low manganese (Mn 0- 10°) 80 
(b) Nickel-free medium manganese (Mn 0- 30°) 60 
(c) Nickel-free high manganese (Mn 0: 50°) 30 
(d) 1-0°, nickel low manganese (Mn 0+ 10°) 
(e) 1-0°, nickel medium manganese (Mn 0- 30°) 30 
(f) 1-0, nickel high manganese (Mn 0-50) 10 
(g) 1-5, nickel low manganese (Mn 0- 10°) 30 
(h) nickel medium manganese (Mn 0-30°,) 10 

(‘) 1-5°, nickel high manganese (Mn 0-50%) Three-stage 

process 
should be 


applied. 
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Fig. 14. -S.G. cast iron containing 13°, pearlite. Etched 
< 125 


(3) When using the controlled-cooling method, fast 
cooling from the austenitising temperature may be 
employed to 800° C. or slightly below, and it is unneces- 
sary to cool at a controlled rate below about 700° C. 

(4) It has been shown that the mechanical properties 
of continuously-cooled irons containing about 5° 
residual pearlite are quite satisfactory, and that some- 
what larger proportions of pearlite may be present 
without impairment of tensile ductility or shock-resis- 
tance. Thus the presence of 10°, residual pearlite will 
have no adverse effect on the tensile elongation values, 
whilst the critical pearlite content from the aspect of 
impact resistance, is suggested as 8-10°%,, depending 
upon the pearlite morphology. 


(5) The circumstances under which it may be advan- 
tageous to use the controlled-cooling method have been 
outlined. It is suggested, however, that with certain 
irons it is clearly desirable to use a process which consists 
of furnace cooling from austenitisation, followed by 
isothermal sub-critical treatment. 
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New Precision 


Orbital Welding 


Method 


Application to Bent Tube 
Assemblies 


SOLUTION to a major problem associated with 

the fabrication of complex tube assemblies—the 

bending to close limits and the subsequent welding 
of end fittings and other components to the fully-formed 
tube shape—has been provided by Palmer Aero Products, 
Ltd., a subsidiary company of B.T.R. Industries, Ltd., 
with the development of what is claimed to be a unique 
precision orbital welding method. 

Welding is desirable for this purpose as it is generally 
recognised that it gives greater fatigue life and greater 
corrosion resistance (because it is homogeneous), and 
withstands higher temperatures when compared with 
conventional brazing techniques. However, welding a 
bent tube of small diameter and gauge thickness normally 
connotes a manual operation. Due to the awkward tube 
shape and small diameter, manual welding usually 
results in an uneven bead contour of large dimensions, 
marked at frequent intervals with “stop and start” 
craters. This type of deposit usually gives rise to a 
great deal of transverse stressing due to its size and is a 
focal point for stress patterns. This could prove a 
serious shortcoming in tubes subject to cyclic tempera- 
ture, pulse pressure and high frequency vibration 
conditions. Furthermore, the uneven contour of the 


penetration bead may cause undesirable turbulence, and 
a change from one tube assembly to another may result 


A close-up of the orbital welding head and holding device 
for the tube end fitting. 


General view of the complete equipment. 


in serious changes in rates of flow and frictional losses. 
From this it appears that in order to achieve a weld of 
uniform penetration and crown dimensions, and to 
achieve volumetric consistency from one tube assembly 
to the next, some automatic welding process is inevitable. 

Usually, bending to close limits involves the use of 
discard lengths of tube at each end in order to ensure that 
bends are correctly positioned and that no flattening of 
walls takes place in the bend area. The additional 
leverage provided by the discard lengths is essential to 
the preservation of the correct radius and to the dimen- 
sional accuracy usually demanded. These factors 
necessitate the bending operation being carried out 
before welding, and the design of any automatic process 
must take into account the impossibility of rotating the 
workpiece under a fixed welding head. 

It is therefore apparent that a torch must be developed 
which will orbit the pre-formed tube assembly. The 
new precision orbital welding method effects a butt weld 
between a fully-formed tube held in a fixed position and 
an end fitting positioned in correct relationship to it. 
The weld crown dimensions and penetration bead 
dimensions can be very accurately controlled, and such 
consistency can be obtained that designers are able to 
integrate the weld bead into design schemes. The degree 
of concentricity of weld crown and penetration bead 
with the tube is extremely high, and welds can be 
carried out to meet any desired X-ray standard. 

The need for this type of accurately formed tube 
assembly with attached fittings abounds in the nuclear 
power industry, and in all industries concerned with 
handling corrosive materials at elevated temperatures. 
For example, N.S. Savannah has 43,000 ft. of small bore 
stainless steel tubing fabricated into lengths of 27 ft., 
and about 42 miles of similar tubing are used on the burst 
cartridge detection equipment at Calder Hall. 
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Ductility 
Silver 


in Internally Oxidised 


Alloys 


By J. A. Slade, B.A., and J. W. Martin, M.A., Ph.D. 


(Department of Metallurgy University of Oxford) 


The intergranular brittleness associated with internally oxidised binary alloys of silver 
with aluminium is suppressed when small quantities of nickel or cobalt are present. The 


tensile properties and hardness of such alloys have been measured, and metallographic 
evidence suggests that the addition of the third element reduces the grain-boundary 
precipitate on internal oxidation. The necessary conditions for such suppression are 


employed to produce a dispersed phase in silver. 

Alloys suitable for this treatment consist of a 
dilute solid solution of a base metal in a more noble 
metal; the alloy is heated under oxidising conditions, 
so that oxygen diffuses into it and produces a dispersion 
of the oxide of the base metal in a matrix of the noble 
metal. 

The effects of internal oxidation on mechanical 
properties have been briefly summarised in a previous 
paper by Seebohm and Martin.' Plastic deformation 
usually leads to intergranular fracture of these materials 
(see, for example, references 2, 3) due to oxide being 
concentrated in the grain boundaries as well as dispersed 
within each crystal, whereas internally oxidised single 
crystals behave in a ductile manner.! 

The present study was prompted by results quoted 
without comment by various workers’ ® that, whereas 
an internally oxidised binary alloy of silver is hardened 
but embrittled, a ternary alloy of silver containing 
nickel as well as the base metal exhibits hardening, yet 
has appreciable ductility in a tensile test. It was 
decided to repeat this work and to study metallographi- 
cally the differences between the binary and ternary 
alloys, with a view to accounting for the phenomenon. 


’ | YHE technique of internal oxidation has been 


Experimental 

Preparation of Alloys 

The composition of the alloys prepared is given in 
Table I. Silver of 99-99°, purity was used in their 
preparation, and a number of confirmatory analyses 
were carried out by Messrs. Johnson, Matthey & Co., 
Ltd. 
Heat Treatment 

The rate of internal oxidation of the silver-aluminium 
alloy was determined by heating wire samples in a 
stream of air in a furnace for known lengths of time, and 
the rate determined metallographically, a parabolic law 


TABLE L.—COMPOSITIONS OF ALLOYS STUDIED 


Alloy Composition 
Ag Unalloyed silver, 99-99%, purity 
BNI Ag + 09-03% Ni 
BA2 Ag + 06-18%, Al 
BAS \g Al 
rip Ag Al O-07% Ni 
Ag + 0-16% Al + 06-15% Ni 
rsa Ay 00-14% Al -002%, Ni 
Mo Ag 0-17% Al + 0-15% Co 
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Fig. 1.- Load-extension curves for wire specimens: KA2 
and TC2 internally oxidised at 750°C; BNI and Ag 
annealed at 750 C. 


being evident. The temperature of oxidation employed 
was in all cases 750°C. 
Mechanical Testing 

Microhardness indentations were made in some of the 
partially oxidised specimens, a Reichert microhardness 
indenter with a load of 10 g. being employed. The outer 
rim of internally oxidised alloy had an average hardness 
of 136 kg./sq.mm., whereas the unoxidised interior 
averaged 58-3 kg. sq. mm. 

Two series of tensile tests were carried out, the first 
employing wire specimens, the second using specimens 
prepared from rolled strip. A Hounsfield Tensometer 
was used in each case. Before internal oxidation the 
specimens were annealed in argon (at the oxidation 
temperature) in order to stabilise the grain size. The 
oxidation treatment was carried out for such a time that 
the entire cross-section of the test-piece was internally 
oxidised. 

Typical results of tests on wire specimens (0-036 in. 
diameter and 2 in. gauge length) are shown in Fig. 1, 
and some results are set out in Table II. 


Metallography 

An optical micrograph of a longitudinal section through 
a tensile fracture of an internally oxidised silver—0- 18°, 
aluminium alloy appears in Fig. 2. The section was 
unetched, and the intense grain boundary precipitate of 
alumina is apparent ; the resulting intergranular nature 
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PABLE II TYPICAL MECHANICAL PROPERTIES 
itimate 
Alloy Condition Tensile Stress Blongation Hardness 
(10* Ib. /sq. in.) (%) (V.P.N.) 
Wire Specimens 
Aw Annealed 2-26 
BNI Annealed 2-35 
Internally oxidised 2) 
BA2 Internally oxidised 1-93 2-5 
rm Internally oxidised 15 
Strip Specimens 
Ay Annealed 2-29 33 
BAS Internally oxidised 4-0) 0 4 
POA Internally oxidised 1-2 
Mo Internally oxidised 1-6 lim 


of the fracture-path is also evident. In all binary silver- 
aluminium alloys the precipitate was seen at high 
magnification, whether attack polished or completely 
unetched. Similar sections of fractured silver-aluminium- 
nickel oxidised specimens revealed no grain boundary 
precipitate, and the fracture was ductile in character 
and transgranular in path. Silver-aluminium-cobalt 
alloys were similar to these in their behaviour, although 
faint traces of grain boundary precipitate could be 
discerned at high magnifications. 

The fracture surfaces obtained in the tensile tests on 
the above specimens were compared by obtaining two- 
stage replicas of their topography. Thick (0-03 in.) 
cellulose acetate was used for the first stage of replica- 
tion, as it could be readily stripped from the fracture 
surface. The thickness reduced the possibility of 
introducing artificial strains during mechanical stripping. 
The second stage was the deposition of carbon; the 
plastic was then dissolved in acetone, leaving the carbon 
film. Gold palladium shadowing was employed = to 
improve the contrast, and the replicas were examined in 


Silver-0- 18°, aluminium alloy, internally oxidised 


Fig. 2. 
500 


at 750°C. Section through tensile fracture, unetched. 
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the electron microscope. A typical fractograph from an 
intergranularly brittle oxidised silver-aluminium alloy 
appears in Fig. 3, and Fig. 4 is the type of surface 
observed in the case of the more ductile ternary alloys. 


Discussion 

The results of the mechanical tests are in agreement 
with those published by Schwarzkopf and Grant, and 
the metallographic evidence suggests that the role of 
the nickel was to reduce the precipitation of oxide in the 
grain boundaries. This reasoning is supported by the 
work of Seebohm and Martin,' who prepared binary 
alloys with low-angle boundaries. This reduced the 
degree of segregation and hence the intensity of precipita- 
tion: thus ductility was seen to be improved. The 
substitution of cobalt for nickel in silver—0-15°, alumi- 
nium alloy was equally effective in removing intergranu- 


Fig. 3. Silver 0-14°, aluminium alloy, internally oxidised 
at 750° C. Electron micrograph of gold-palladium- 
shadowed two-stage carbon replica of the fracture surface. 

10,000 


lar brittleness. Cobalt and nickel are of the same atomic 
size, and cobalt is even less soluble than nickel in silver.® 
The fractographs of Figs. 3 and 4 support this interpreta- 
tion. The relatively smooth areas of Fig. 3 are presum- 
ably the surfaces of grains exposed, whereas the cusp- 
like markings of Fig. 4 are generally regarded as charac- 
teristic of a fracture of a ductile matrix containing hard 
inclusions, ? 

The Vickers D.P.H. number of the oxidised binary 
silver-aluminium alloys was greater than that of the 
oxidised ternary silver-aluminium-nickel. This may be 
interpreted by regarding deformation as being easier in 
the latter structures because of the suppression of the 
grain boundary precipitate. This suppression can be 
understood as the nickel competing favourably with 


METALLURGIA 


| 
1 
afi 

| 


Fig. 4. Silver 0-15", cobalt 0-17", aluminium alloy, in- 
ternally oxidised at 750 C. Electron micrograph of gold- 
palladium-shadowed two-stage carbon replica of the 
fracture surface. 10,000 


aluminium for grain boundary sites, so that when the 
material is internally oxidised there is not the great 
concentration of aluminium in the boundary to give a 
dense alumina precipitate there. 

Cahn* has stated that the concentration of a solute in 
a boundary is independent of the concentration within 
the grain, and he agrees with Eborall® that the degree 
of segregation is affected by size factors, but considers 
solubility a better guide because it expresses the com- 
bined effects of elastic and electronic factors. The 
influence of these respective factors can now be con- 
sidered in the competition of nickel and aluminium for the 
grain boundaries of silver. Nickel is only very sparingly 
soluble in silver—about 0- 1°, at 950° C., and only 0-01% 
at 400°C. The excess nickel, being insoluble in the 
grain will tend to concentrate in the boundary. Alumi- 
nium, however, has an appreciable solubility and forms 
electron compounds with silver. 
aluminium (1-43A) is similar to that of silver (1 444). 
whereas nickel is much smaller (1-25A) and so is likely 
to be accommodated more readily in the distorted grain 
boundary region. 

In conclusion, therefore, one may suggest that there 
are four conditions to be fulfilled by the third element 
added to internally oxidisable alloys to reduce grain 
boundary oxide precipitates : 

(1) It must be only sparingly soluble in the matrix. 

(2) There must be a greater difference in atomic size 

between that of the parent metal and the third 
element, and the parent metal and the base metal. 


(3) It must be relatively noble compared with the 
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The atomic radius of 


other solute metal, so that it is unaffected by the 
internal oxidation process. 

(4) It must not itself impair the mechanical properties 
of the resulting alloy. 
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Oxyplane for New Steel Works 
An Oxyplane machine has been installed in the new 
South Works of the South Durham Steel and Lron Co., 
Ltd., West Hartlepool. The machine, installed by 
British Oxygen to trim plates coming off the new rolling 
mill, has a track length of almost 100 ft. Using propane 
as the fuel gas, the Oxyplane can trim plates up to 97) ft. 
long and 12} ft. wide, between 3 in. and 4 in. thick, and 
gives a square edge, bevel, double bevel, or double bevel 
and nose finish. Cutting speeds of up to 50 ft. an hour 
through 2in. thick steel have been achieved. The 
Oxyplane works about four times faster than the portable 
cutting machines normally used in steelworks. 


Electric Steel Makers’ Guild 
Ar the fifth annual meeting of the Electric Steel Makers’ 
Guild, held at the Rowton Hall Hotel, near Chester, 
Mr. W. KEEN (Jessop-Saville, Ltd.) was elected president, 
Mr. R. S. Howes (Steel, Peech & Tozer) vice-president, 
and Mr. F. CranksHaw (K & L Steelfounders and Engi- 
neers, Ltd.) secretary treasurer. After the meeting, 
members visited Brymbo Steel Works, Ltd., where, in 
the course of a tour of the melting shop, they saw the 
Brymbo oxygen-electric process in operation. Members 
were afterwards entertained to lunch by the company. 
At the Guild’s annual dinner Mr. T. H. Meapows 
(director and secretary) and Mr. A. T. Harris (director 
and chief engineer) of Brymbo were the principal guests, 


Beryllium Monitor U.S. Success 
AFTER being shown at the American Industrial Hygiene 
Convention at Detroit, where it proved to be much 
superior to other types of equipment for the detection 
of beryllium particles in the atmosphere, the beryllium 
monitor made by Winston Electronics, Ltd., under 
licence from the United Kingdom Atomic Energy 
Authority, was taken to the United States Atomic 
Energy Corporation in New York, where it was demon- 
strated and given two exhaustive trials. As a result the 
instrument has been re-engineered to meet the special 
atmospheric requirements and high humidities in which 
it is required to work by the United States Atomic Energy 
Corporation. 
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Vacuum Casting of Steel 


FTER two years of trials on the vacuum casting of 


steel, involving the production of several thousand 
ingot tons, the Steel, Peech and Tozer 
The United Steel Cos., Ltd., is believed to be the first 
company in this country to make steel produced by this 
method commercially available. The object of vacuum 
casting—or stream degassing, as it is sometimes called 
is primarily to remove hydrogen from the steel. This 
can be achieved by suitable heat treatment of solid steel, 
but in the case of comparatively large section sizes, such 
as medium and heavy forgings, the heat treatment 
necessary to remove hydrogen by diffusion may take 
several hundred hours to complete. By casting the steel 
in a vacuum, however, hydrogen removal can be accom- 
plished in a matter of minutes. 
All hydrogen levels after vacuum casting are suffi- 
ciently low to eliminate completely the need for such 


normal hydrogen precautions as the slow cooling of 


rolled blooms or the extended heat treatment of large 
forgings. The oxygen content is appreciably lower than 
on air-cast samples, although the nitrogen content of the 
steel is not greatly affected by vacuum casting, only 
about 15°, being removed on average. Carbon content 
tends to decrease by one or two points and sulphur is 
lowered by an average of 0-001-0-002°,. Alloying 
elements remain unchanged, and this includes man- 
ganese. 

Mechanical tests have shown that the properties 
throughout large forgings made from vacuum cast steel 
are more regular, and that the ductility, in particular, is 
good, Transverse properties are also improved. Impact 
properties are good and no significant difference in 
transition temperature has been found. 


Steel, Peech & Tozer Equipment 

The equipment employed for vacuum casting at 
Steel, Peech and Tozer consists essentially of a cylindrical 
casing of 4 in. thick welded steel plates. This 11 ft. 
diameter chamber is fitted with a removable lid having 
water-cooled flanges, the vacuum seal being effected by a 
neoprene rubber gasket in the flange. The sequence of 
operations begins with the positioning of ingot moulds in 
the vacuum chamber. The lid is then secured and the 
chamber is evacuated by steam ejector pumps to 0-5 
mm. of mercury. A ladle of molten steel is brought by 
overhead crane to the vacuum chamber and the steel is 
teemed through a small opening in the lid at a controlled 
rate. As the steel enters the chamber, it is broken up 
into a fine spray due to the explosive release of gasses, 
caused by the vacuum, It is this characteristic which 
enables very rapid degasification to take place, the pro- 
cess continuing at a slower rate when the steel is in the 
ingot mould. On completion of teeming, the vacuum is 
gradually released and the ingot allowed to cool in the 
normal way. 

At the present time, steel for vacuum casting is being 
melted in a 7-ton electric are furnace at Steel, Peech and 
Tozer. As an integral part of the company’s £10 million 
scheme to replace all its open hearth furnaces with six 
110-ton capacity electric are furnaces, however, it is 
planned to incorporate facilities which will permit the 
vacuum casting of the very much larger tonnages of 
steel produced in these furnaces. 


26 


branch of 


For a wide range of applications, steel produced by 
normal casting techniques is entirely suitable with 


regard to the properties for which it is specified. The 
particular merits of vacuum cast steel are in those 
cases—such as large forgings—where the elimination of 
prolonged heat treatment cycles (necessary to ensure 
freedom from hairline cracks) results in much shorter 
delivery dates ; or where, in addition to hydrogen, the 
removal of oxides and nitrides may lead to a cleaner 
steel with improved properties. 


Heat Transfer Between Metals in Contact 


Basic information has been obtained on some of the 
factors which affect the transfer of heat between two 
machined metal surfaces. The transfer of heat between 
solid surfaces is widespread, for example, between 
fuel rods and cans which are in static contact in a nuclear 
reactor, and between the riveted components of an 
aircraft subjected to aerodynamic heating. 

Measurements of the heat transfer between machined 
metal contacts have been made with brass and aluminium 
surfaces of four different values of roughness in contact 
with steel and brass surfaces of two different roughnesses. 
Contact pressure was varied between 14 and 11,400 Ib. 
sq. in. It was found that most of the heat was trans- 
ferred by surface contact and conduction through the 
intervening fluid. The fluid conductance was found, as 
expected, to be directly proportional to the thermal 
conductivity of the fluid and inversely proportional to 
an ‘ effective fluid film thickness’; the way in which 
the effective fluid film thickness depended on surface 
roughness was determined. 

The conductance through surface contact was depen- 
dent on applied pressure, surface hardness, surface finish, 
and the thermal conductivities of the solids, and the 
relation between these factors was obtained. A theoreti- 
cal expression for the surface contact conductance has 
been developed, based on the resistance to heat flow 
associated with a constriction. It gave good agreement 
with the experimental results when the variation of 
metal hardness with load in the micro-hardness region 
was taken into account. 

This work was carried out for the National Engineering 
Laboratory at the Imperial College of Science and Tech- 
nology, University of London. Further information is 
given in: NEL Report Heat 182 (Thermal and electrical 
conductance of machined metal contacts, by L. C. 
Laming) available from the Laboratory at East Kilbride, 
Glasgow. 


Kite-Mark Indicators 


British INpicators (SALEs), Lrp., St. Albans, Herts., 
have been granted a licence by the British Standards 
Institution to apply the Kite-Mark to their range of dial 
gauges for linear measurement manufactured in accor- 
dance with B.S.907. When this certification mark 
appears on a product it is an assurance that the product 
is “‘ up to standard.” The mark is used on any product 
only under licence after B.S.I. has satisfied itself, by 
inspection of the manufacturer's production processes 
and works control and by testing products, that the 
product is consistently manufactured in accordance with 
the relevant British Standard. It indicates not mere 
testing and approval of a submitted sample but con- 
tinuous supervision with unannounced visits of inspection 
and check-testing of samples bought on the open market. 
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feature of general rather than technical interest 
A at the National Physical Laboratory's 1961 Open 

Day was the new Glazebrook Hall, converted 
from the former duplex wind tunnel to provide the 
Laboratory with a fully equipped lecture theatre to 
seat almost four hundred, a conference room, a reading 
room, and a restaurant, the latter serving also the 
adjacent National Chemical Laboratory and _ the 
Admiralty Research Laboratory. 

The new premises meet the long-felt need for a larger 
lecture theatre than was formerly available to provide 
accommodation for the inter-divisional colloquia and 
lectures for N.P.L. staff. and for the international 
symposia, which have been held for some time at the 
rate of two a year, and which have brought to Teddington 
many of the leading figures in wide-ranging fields of 
work. The Laboratory has also won fame for the 
strength and variety of its social activities, which have 
flourished despite the inadequacy of accommodation 
and catering facilities provided by three large huts. 

Completed early in 1921 the duplex wind tunnel 
played a major part in the development of aeronautical 
knowledge during the formative years of the aircraft 
industry. Probably the most exciting work carried out 
there was related to the development of successful 
aircraft for the Schneider Trophy contests in 1927, 1929 
and 1931. Latterly it was used extensively for indus- 
trial aerodynamics, models tested including television 
towers, the dome for the Royal Observatory at Hurst- 
monceaux, and the Jodrell Bank radio-telescope. Wood 
from the old tunnel has been used to panel the rear wall 
of the lecture theatre and upper gallery, thus main- 
taining a link with the past. Another has been preserved 
in the new name of the building, which has been called 
after Sir Richard Glazebrook, the first director. A 
memorial plaque to Sir Richard has been placed on the 
west wall of the assembly area. 


METALLURGICAL RESEARCH PROGRESS 
High Temperature Materials 


With the transfer of creep machines from the high 
temperature materials laboratory at Teddington to the 
National Engineering Laboratory at East Kilbride, and 
the associated transfer of materials, test pieces and 
records—some to East Kilbride and some to the 
Electrical Research Association at Leatherhead—the 
facilities at the N.P.L. have now to be reorganised for 
the new work that is planned, which will include a 
greater concentration upon new materials of very high 
melting point. 

The work on display in the high temperature material 
field included a study of the factors influencing the creep 
rupture elongation of austenitic nickel-chromium and 
ferritic chrome-molybdenum steels. The ductility at 
fracture in creep tests on 18°,, chromium—12°, nickel-1°,, 
niobium steel has been found to pass through a mini- 
mum for times of intermediate duration at 650° C. 
and 700°C. As low ductility is an undesirable feature 
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Research Progress in Metallurgy Division 


for superheater tube and steam-pipe applications, a 
metallurgical examination using a replica technique with 
the electron microscope is being carried out to see if a 
structural reason can be found for the minimum. This 
has shown that when minimum ductility occurs two 
structural changes have taken place in the steel. Niobium 
carbide (NbC) has been precipitated in the austenite 
matrix and chromium carbide (Cr,,C,) has formed at the 
grain boundaries. The latter would be expected to lead 
to chromium depletion in the grain boundary regions. 
In longer times, i.e. beyond the time required to produce 
minimum ductility, o phase forms. This phase was 
found in all long-time tests in the temperature range 
600°-700° C., but the ductility is not necessarily low 
when o is present. Above 700° C., the o phase 
produced in creep tests reaches a maximum proportion, 
and then appears to redissolve with the formation of a 
new phase having a higher chromium content with a 
composition corresponding to FeCr,. 

In the case of a 1°, chromium-—}°, molybdenum 
steel for steam pipes, creep tests at 550° ©. 
range of 8-25 tons sq. in. have been carried to rupture 
with an indication of minimum ductility in 1,500-1,700 


over a stress 
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West front of new Glazebrook Hall. 
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Transmission electron micrograph of iron-carbon alloy 


(0:05 wt.°,, carbon) quenched from 690° C. and aged 18 
months at room temperature. The dendritic precipitate is 
iron carbide that has nucleated on stationary dislocations. 
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hours, as compared with the 2,000-2,500 hours in the 
case of a $°%, molybdenum steel. Again, structural 
changes probably account for the minimum ductility, 
which has been shown to be associated with the precipita- 
tion of molybdenum carbide (Mo,C) in the ferritic 
matrix in the 4°. molybdenum steel. In the case of the 
chrome-molybdenum steel, Mo,C has not been identified 
in extraction replicas from rupture test specimens until 
the period of minimum ductility has passed. However, 
the Fe,C initially present has changed to (FeCrMo),,C, 
type carbide by the time minimum ductility is reached. 

In the course of an investigation of the possibilities 
of increasing the use of niobium in alloys for high 
temperature applications, extensive tests have con- 
firmed that the resistance to both creep and relaxation 
of a 90-10 nickel-chromium alloy after various amounts 
of cold work is increased more by additions of niobium 
than by equal titanium additions. An alloy containing 
24°, niobium and cold worked 30°, has a creep resistance 
in the range 500°-650° C. similar to that of some well- 
established austenitic steels requiring complex heat 
treatments to develop their maximum creep strength. 
It is estimated that the niobium-bearing material would 
have a life of some years at 600° C. without recrystal- 
lising, and it is thought that alloys of this kind may have 
applications where resistance to repeated plastic deforma- 
tion is part of the essential requirements. : 

A machine designed to measure the resistance of 
alloys to alternating strain under constant or fluctuating 
temperature has been used to test the suggestion that 
resistance to thermal fatigue is largely governed by the 
resistance of the material to alternating strain at the 
highest temperature of the thermal cycle. A series of 
tests on molybdenum-vanadium steel strongly supports 
the view and tests are being undertaken on other 
materials. 


The machine has been modified by the introduction 
of resistance heating of the specimen, which has enabled 
the maximum temperature to be raised to 1,000° C., and 
a contract has been accepted for a study of the factors 
influencing the thermal fatigue resistance of nickel- 
chromium alloys, which are subjected to severe cycles of 
thermal stress in service in gas turbines. 

In the earlier tests on steels at lower temperatures it 
was found that the resistance to alternating strain, when 
the temperature was fluctuated in phase with the applied 
strain cycle, was about the same as if the temperature 
were held constant at its maximum value. If this proves 
to be generally true it will be possible to determine the 
influence of metallurgical factors on thermal fatigue 
resistance by tests at constant temperature. A com- 
parison of the behaviour at constant temperature and 
with the temperature fluctuating is now being made on 
Nimonic 90. 

At room temperature, ductile metals are able to 
withstand a range of strain of about 2°, for 1,000 eyeles. 
The results of the earlier tests made on steel and those 
obtained so far on Nimonic 90 show that this value is 
much reduced at high temperatures, that is, these 
materials become much less resistant to repeated plastic 
deformation as the temperature is increased. 


Brittle Fracture 

In an investigation of a large crankshaft that broke in 
a brittle manner as a result of an accident, it was found 
that the fracture stress of the material, when it broke 
in a brittle manner at low temperature, was highly 
dependent on the size of the test piece. The yield stress, 
when, at high temperature, normal yielding preceded 
fracture, was practically independent of test-piece size. 
The differences between the factors that affect the yield 
stress of a component and those that affect its fracture 
stress, are thus many and important, particularly in 
connection with the very high tensile steels that are now 
being developed and their application in pressure 
vessels, 

Measurements of the effect of strain rate on the mecha- 
nical properties of 4°, silicon iron have shown that, 
whereas increase of strain rate raises the yield point of 
the material, it has no significant effect on the fracture 
stress of material breaking in a brittle manner at low 
temperature. This work has also shown this material 
to be very susceptible to variations of grain size, which 
again has a much greater influence on the fracture stress 
than on the yield point. The grain size effect in pure iron 
and a 5%, molybdenum-iron alloy is less marked, 
differences also being found between samples of the same 
grain size produced by different methods. These 
experiences have led to a renewed interest in the relations 
between grain size, yield point and fracture stress. 

The growing use of cold-formed steels lends interest to 
the discovery of a curious weakness displayed at low 
temperatures in the direction of compression in cold 
compressed pure iron—again unaccompanied by any 
significant yield stress change. The weakness begins 
to be removed on annealing at 500° C., being complete 
at 600° C., coincidentally with the removal of the work 
hardened structure. It is believed that the way in which 
the metal is deformed is of importance, but the shapes 
of the grains and grain boundaries and the distribution 
of inclusions are not vital factors in producing the 


weakness. 
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Electron Microscopy 


Until the technique of examining thin metal films 
under the electron microscope was developed, it was not 
possible to observe directly the form and distribution of 
dislocations in metals. The thin film technique has led 
to interesting and important results, and the method is 
proving to be particularly suitable for studying the 
precipitation of phases from solid solutions. 

Plastic flow in metals takes place by the movement of 
dislocations, and where they can move easily, as in a 
pure metal, the metal is soft. It is believed that precipi- 
tate particles confer strength by acting as obstacles to 
dislocations and it is expected that many details of the 
interaction can now be studied. An investigation on 
iron-carbon alloys has shown that precipitation occurs 
predominately on dislocations and that at room tempera- 
ture and 100°C., the precipitate is mainly epsilon 
carbide (Fe,.,C), a close-packed hexagonal phase growing 
on (100) planes in a <100> direction. In an iron- 
nitrogen alloy the precipitate occurs to a large extent 
between dislocations and grows in (100) planes in the 
form of dises as the ordered body-centred cubic structure 
Fe,,N,. Dislocations have been observed to wrap round 
these obstacles and this is believed to be responsible for 
the increased resistance to deformation. These studies 
are being extended to commercial steels and it is clear 
that the additional elements present in these can affect 
the precipitation processes. 

To obtain high quality thin foil electron micrographs 
it is necessary to tilt the specimen critically. The tilting 
stage supplied with the microscope is too restricted in 
its action, so a completely new stage has been designed 
and constructed. The stage should allow the direct 
determination of the Bergers vectors of dislocations, the 
determination of the crystallography of precipitates 
with respect to the parent matrix, and the facility for 
producing good quality  stereographic pairs of 
micrographs. 

To avoid any shift of the observable specimen field 
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Diagram of the goniometer stage for the electron 
microscope. 
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Transmission electron micrograph of iron-nitrogen alloy 


(0-01 wt.°,, nitrogen) quenched from 550 C. and aged 3 
days at 100 C. and then lightly strained. The iron 
nitride precipitate particles can be seen to have acted as 

obstacles to moving dislocations. 40,000 


when a specimen is tilted, the design of the goniometer 
stage was based upon the simple kinematic-system of 
locating a ball in an inverted cone, which provides a 
method in which specimens, mounted to intersect the 
ball centre, may be tilted without shake. In this 
application a hemisphere is used, tilting being effected 
by the action of four slender push pins angled at 15 

which contact the diametric plane of the hemisphere. 
By tilting the hemisphere through approximately ~ 22 

about each of two horizontal axes at right angles to each 
other, a composite tilt of 430° is obtained. Each push 
pin makes contact at its upper end with the horizontal 
end face of an actuating rod. The horizonta! end faces 
of each of the rods allow free movement of the specimen 
carriage without interference with the specimen tilt. 
The upper ends of each of two of the actuating rods 
make contact with a conical portion of individual 
horizontally disposed shafts, each of which is forced by 
an axial spring to follow the movement of the spindle of 
a commercial micrometer. A dead-weight is placed on 
the upper end of each of the other two rods in a manner 
which, although avoiding undesirable excessive loading 
on the hemisphere, ensures that the tilting movement of 
the hemisphere follows the micrometer actuated rod 
when the latter is retracted. 


Brittleness in Titanium-Aluminium Alloys 


The tensile properties of a number of titanium-alumi- 
nium alloys at room temperature and —- 196° C. have been 
determined in order to follow the decrease in ductility 
with increase in aluminium content up to about 10°,. 
It is known that brittleness develops with time during 
heat treatment at about 600°C. when the aluminium 
content exceeds about 8%. Alloys of this composition 
are also difficult to hot work, so that considerable delay 
has been experienced in obtaining an extruded 10%, 
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aluminium alloy. No brittleness has been produced in 
alloys containing up to 74°, aluminium on heat treating 
at 600° C., but the brittleness is well developed in the 
alloy containing 10°, of aluminium. The embrittled 
alloy decreases in tensile strength as the temperature 
falls from room temperature to — 196° C. and the elonga- 
tion and reduction of area at fracture decrease to zero. 
This type of behaviour is of great interest, since it has 
hitherto been observed principally in iron alloys which 
have been rendered susceptible to  intererystalline 
embrittlement by the introduction of an impurity. 


Chemical Thermodynamics of Alloys 

The science of “chemical thermodynamics” is 
concerned with the measurement of heat effects of 
chemical reactions as well as of electrochemical reactions 
and of equilibria between a solid and the vapour it 
forms. The numerical information obtained by these 
measurements is condensed into tables listing the so- 
called standard heats of formation, entropies and 
specific heats of all pure substances such as metals, 
alloys, oxides, nitrides, sulphides, etc. These tables can 
be used to assist other laboratory work along similar 
lines intended to achieve a deeper understanding of the 
nature of the atomic bonding in alloys and other 
inorganic substances. 

The practical significance of thermochemical data 
lies in the fact that they can be used to calculate various 
equilibria attained or encountered in the production and 
refining of metals and alloys, in particular at high 
temperatures. The data make possible, for instance, 
the calculation of the extent to which a certain agent 
would reduce a certain ore to produce the metal, or the 
extent to which a liquid alloy would pick up impurities 
from a given refractory used as the container. Present 
industrial developments require metals of ever increasing 
purity, and here again thermochemical calculations help 
to assess the value of methods for the refining of these 
metals. Phase relationships in alloy systems, the know- 
ledge of which is fundamental to all metallurgical work 
can also be calculated from thermochemical data. 

The application of thermochemical calculations to 
industrial problems is still in its early stages, but gradual 
progress is being made, and the N.P.L. contributes to this 
progress by devising new methods for the determination 
of the required data, by collecting and assessing the 
information published by other workers, and by demon- 
strating their potential usefulness to industry. A new 
high temperature calorimeter has recently been con- 
structed in which the heats of formation of solid, low- 
affinity alloys can be determined directly at tempera- 
tures between 1,000° and 1,250°C. The calorimeter is 
to be used first on alloys the free energies of which have 
been derived from equilibrium studies, because it has 
now become clear that the conventional evaluation of 
heats and entropies from the temperature coefficients of 
equilibrium data is very unreliable for solid alloys, and 
that a re-appraisal of many of the published thermo- 
chemical data is necessary in such cases. 


High-Purity Metals 
The decisive effect of certain impurities on the mechani- 
cal and physical properties of metals has become in- 
creasingly recognised during the past decade, and a 
study of this subject necessitates extremely sensitive 
and accurate methods of analysis. No single analytical 
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technique is universally satisfactory for such work, and 
the chemistry section is equipped for determinations by 
mass spectroscopy, by emission spectroscopy and by 
neutron activation methods. The importance of control 
of the impurity content during preparation of metals and 
alloys emphasises the necessity for methods of melting 
in which rigid control can be exercised. Three methods 
were on show to visitors: (a) high frequency melting in 
controlled atmospheres, e.g. in hydrogen or vacuum ; 
(b) electric-are melting of reactive metals using consum- 
able or non-consumable electrodes ; and (c) electron beam 
floating zone melting. 

An approach has been made to the Warren Spring 
Laboratory to undertake work on the electrolytic 
method for the production of high purity iron on a 
production basis. Meanwhile, experiments have been 
carried out to investigate the possibility of growing 
ingots of high purity iron by the Czochralski technique 
in an induction-heated vacuum furnace. Several 3-5 Ib. 
ingots have been obtained, and mass spectrometric 
analyses indicate a reduction in their tin, antimony, 
sulphur and phosphorus contents compared with those 
of the starting material: a sulphur content of below 
5 p.p.m. was recorded on one occasion. The technical 
difficulty of holding a 50 Ib. melt at a constant tempera- 
ture a few degrees above its solidification point has not 
yet been solved. 


AEI’s First Scientific Film 

ELectron Microscopy” is the title of the first 
scientific film to be made by Associated Electrical 
Industries, Ltd. Its subject is of immense importance in 
modern science, since the facts that a beam of electrons 
has a much higher resolving power than light and can 
be focused with electro-magnetic coils resulted in the 
development of a microscope which can observe objects 
much too small for even the most powerful light micro- 
scope. It even, with the image intensifier, opens up the 
possibility of observing individual atoms. The history 
of microscopy and the principles of this modern method 
are explained. The film also shows the construction and 
operation of the EM 6 microscope and its use with the 
image intensifier, the preparation of specimens, and a 
number of its manifold uses in research and industry. 

Electron Microscopy is designed for two primary 
types of audience: one consisting of scientists and 
technicians in fields other than electron microscopy, and 
the other students, undergraduates and graduates. 
The running time of this Eastmancolour film is 23 
minutes, and 16mm. and 35mm. copies are available 
on loan from the AEI Film library, Associated Electrical 
Industries, Ltd., Crown House, Aldwych, Lon lon, 
W.C.2. 


Correction 
Annual Furnace Survey 

In the description of the Leeds Northrup Steam Homo 
Furnace which appeared on page 298 of the June issue 
of METALLURGIA it was stated that during this steam 
treatment a very thin film of oil-bearing zinc oxide is 
absorbed into the metal. This was an error. The micro 
thin film (0-0001 in.) formed on the work is an oil- 
retentive iron oxide (Fe,0,) which it is claimed gives 
greatly prolonged life to all cutting tools, gears and 
bearing surfaces. 
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UILT over the period 1950 to 1953, the Sheftield 
research station of B.I.S.R.A. (The British Iron 
and Steel Research Association) was opened by 
H.R.H. the Duke of Edinburgh in November 1953, and 
since that time has played a worthy part in the develop- 
ment of the iron and steel industry of the United 
Kingdom. The Hoyle Street laboratories house three of 
B.LS.R.A.’s_ five divisions—steelmaking, mechanical 
working and metallurgy—together with the steel user 
section of the development and information services. 
Other B.LS.R.A. laboratories are located in London, 
Swansea and Normanby (near Middlesbrough) and open 
days are held at the various centres from time to time. 
This year it was Sheffield’s turn, and a most interesting 
display was put on there on the 15th and 16th June. 
To deal fully with all the demonstrations and exhibits 
would take much more space than is available ; it will be 
necessary, therefore, to confine the following account to 
some of the highlights in the various fields. 


Steelmaking 


Spray Refining Blast Furnace Metal 


If a stream of molten blast furnace metal is atomised 
by a suitable arrangement of oxygen jets, there is rapid 
oxidation and refining of the metal. When fully 
developed such spray refining should be a simple and 
inexpensive method for pretreating iron to make it 
suitable for finishing to steel in any type of furnace or 
converter at rates that match the requirement of the 
finishing process. 

Following the promising results obtained from labora- 
tory experiments on a 10 ewt. scale, a pilot plant has been 
designed with the help of the engineering staff of Richard 
Thomas and Baldwins, Ltd., Redbourn Division, and 
experiments are in progress at Redbourn. A throughput 
rate of 2-5 tons min. has been attained, and batches of 
hot metal up to 16 tons have been treated at rates up to 
2 tons min. with oxygen flow rates ranging from 250 
600 cu. ft. min. At low metal flow rates the metal 
can be adequately atomised and oxygen used very 
efficiently, and experiments are in progress to determine 
the form of atomising device that will ensure adequate 
utilisation of oxygen at high metal flow rates to give 
any desired degree of refining. 

By means of this spray refining process, efficient and 
rapid desiliconisation is possible, with the simultaneous 
removal of manganese, chromium and vanadium. In 
addition, when powdered lime is injected with the 
oxidising gas it is possible to dephosphorise in the order of 
25-30°,, at the 1-3-1-4°%, levels, loss of iron and manga- 
nese to the slag also being reduced. 


Degassing of Molten Steel 


A pilot vacuum degassing plant for the continuous 
treatment of molten steel has been installed in the 
Sheffield laboratories. In this plant a stream of molten 
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Making, Working and Testing of Steel 
B.I.S.R.A. Research on Show at Sheffield 


Courtesy of Richard Thomas & Baldwins, Ltd 


Pilot plant for spray-refining hot metal. Molten iron from 

a tundish on the upper platform is atomised as it passes 

through a ring manifold which provides a number of high 

velocity oxygen jets and which is situated on top of the 

fume-extracting hood. The refined metal falls into the 
transfer ladle below. 


steel flows upwards under a ferrostatic head into an 
evacuated chamber where the spray of steel is degassed. 
It is then discharged directly down a barometric leg to a 
tundish below the vacuum chamber. By this process 
it should be possible to treat large quantities of steel in a 
comparatively small vacuum chamber. 

A substantial advance has been made in the use of 
carrier gas techniques for removing hydrogen from molten 
steel. It has been found that by directing a jet of the 
inert gas on to the surface of the molten metal the 
hydrogen content is reduced to a low level in a short time. 
In the laboratory inducticn furnace the hydrogen content 
of 80 Ib. melts has been reduced from 8 p.p.m, to 1 p.p.m. 
in about ten minutes. The method has been called 
jet degassing.” 

Previous methods of gas flushing in which the gas was 
bubbled through the metal have proved incapable of 
reducing the gas content to less than 3p.p.m. The 
reason: for this seems to be that when gas is injected 
below the surface of the metal the slag and metal are 
intimately mixed and hydrogen is continuously trans- 
ferred through the slag into the metal. When the jet is 
directed on to the surface the slag is swept to one side 
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and plays very little part in the reaction. Theoretical 
calculations suggest that 1 p.p.m. is the limit to which 
hydrogen can be reduced by jet degassing, but this should 
be adequate for most commercial purposes. 


Electric Steelmaking 


After successful trials on the B.I.S.R.A. experimental 
furnace, and on a five-ton electric are production furnace, 
a member firm has built and satisfactorily worked its 
own model of the B.I.S.R.A. automatic power input 
controller (A.P.I.C.), and a further controller has been 
installed for trial on a 30 ton furnace at another member’s 
works. The controller, which limits the high voltage 
period to pre-set times, has worked satisfactorily and 
has achieved a reduction of electrode consumption of 
2 Ib. /ton of steel and a reduction of electricity consump- 
tion of 25-30 kWh./ton. A simple form of A.P.I.C. has 
been designed for use with modern furnaces having on- 
load tap changing and tap pre-selector switchgear : this 
equipment is now being manufactured by four United 
Kingdom firms. 

Rapid desulphurisation of steel to low levels has been 
achieved by injecting powdered desulphurising reagents 
into the metal bath of a basic electric are furnace. 
Works trials have shown that similar results can be 
obtained on production furnaces, but the correct 
operating procedure for furnaces of different sizes needs 
to be established. 


Continuous Casting 


A demonstration which attracted considerable atten- 
tion was of continuous casting, a method of producing 
ingots, in various sections, which are so long in relation 
to their other dimensions as to have a negligible amount 
of top and bottom wastage. Because of the better yield, 
ingots may be cast nearer to the semi-finished billet 
dimensions than is customary in the conventional ingot 
process. The smaller section results in a shorter time for 
solidification, although the product is still an ingot 
requiring to be worked to break down the as-cast struc- 
ture and develop the properties of a wrought metal, a 
reduction of 85°, being necessary to ensure consistently 
high mechanical properties. 

The macro-structure of the ingots usually includes an 
outer chill zone, a columnar zone and a central equiaxed 
crystal zone with central porosity which is removed in 
hot working, as are sub-surface corner cracks sometimes 
produced if the section is distorted by asymmetric cool- 
ing. The recently developed method of casting three 
ingots simultaneously in a mould having connecting 
compartments has very little effect on the structure of 
the ingots: when this multiple ingot is split for rolling, 
the resulting individual ingots are identical with those 
cast in a single mould. 

Analytical surveys have shown only very slight 
segregation of carbon, sulphur and phosphorus in the 
transverse and longitudinal directions, and segregation 
in continuously cast rimming steel slabs is less than that 
found in conventionally cast rimming steel slabs. The 
longer refractory path with tundish teeming as compared 
with conventional top pouring seems to have little ad- 
verse effect on non-metallic inclusion content, but the 
high preheat calls for a higher quality refractory than 
that for conventional casting pit hollow-ware. 

Continuously cast ingot surfaces are generally very 
good provided the casting conditions are effectively 
controlled, and sections of 3 in. and 4 in. square ingots 
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have been upset-forged without any splitting of the 
undressed faces. 

In recent years it has become clear that continuous 
casting is more suitable for bulk steel manufacture when 
large sections are cast, because the throughput increases 
with section size even though casting speeds decrease. 
There is a limit to the increase in size of square sections 
if the product is not to require cogging, but wide slabs 
may be cast at satisfactory production rates and yet be 
small enough to by-pass the cogging mill. Some work 
has been carried out at the Abbey Works of The Steel 
Company of Wales, in collaboration with the company, 
and 24 x 4in. and 27 x 5in. slabs have been cast and 
sectioned, one of the larger ones being successfully rolled 
into sheet. The commercial twin-strand plant for casting 
low carbon slabs up to 48 x 8 in. section at the Abbey 
Works, is based on the continuous casting system de- 
veloped by B.L.S.R.A. and the Continuous Casting Co., 
Ltd., and will be the first plant in the world to operate 
commercially with converter steel. 


Mechanical Working Operations 


Forging Production 


The feasibility of making a forging automatically by 
programme has been demonstrated on the experimental 
forge in the metal working shop. Forging an ingot into 
a bar having three parts of different dimensions took 
6 minutes as compared with an estimated 15-19 minutes 
on a conventional plant. Savings, both in time and in 
heating costs, are likely to be greater with more com- 
plicated forgings, and the next phase of the work will be 
to install what is virtually an industrial prototype pro- 
grammer capable of making a range of forged shapes. Sub- 
stantial improvements to the linked control systems of 
the manipulator and press are necessary to enable its 
performance to meet the programming requirements, 
and a comprehensive scheme for this has been worked 
out and is being developed jointly with two associate 
member firms. 

Manual tool charging at the press, however ex- 
peditiously carried out, constitutes a substantial loss of 
useful forging time, and automatic methods of changing 
tools could be of definite advantage in enabling the best 
use to be made of programmed forgings of complicated 
shapes. An experimental automatic tool changer of the 
turntable type has been designed for use on the experi- 
mental press and more versatile types for industrial use 
are being considered. 

While the present work on programmed forging is 
based on existing types of presses and manipulators, 
plant developments both here and abroad suggest that 
the time is opportune for an entirely fresh approach to 
the principles of design of a non-specialised forge, with 
particular emphasis on reducing the high cost of new 
installations. Design studies involving new principles 
of press design and methods of manipulation and 
transportation have been started. 

The thermal efficiency of a batch-type forge furnace is 
influenced by a number of design and operational 
features, and tests carried out on a modern unit of this 
type have suggested a number of basic improvements 
that might well be applied to the design of forge furnaces 
in general. This work is of considerable importance 
because heating costs form such a large part of the costs 
of forging production. For the same reason a good deal 
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of interest has been shown in the application of radiant 
heat reflectors during forging. By this means the cooling 
rate is slowed down and more forging can be carried out 
per heat. 

Cavities and porosity are present on the axis of ingots 
as a result of shrinkage, but research has shown that, 
if applied with certain rules, upset-forging will guarantee 
that all such cavities will be closed-up. The recom- 
mended procedure is now in use industrially. 


Manufacture of Rounds and Sections 


Rolling with only one roll driven has advantages in 
respect of cheapness and mechanical reliability, but there 
are difficulties in spinning the idle roll up to speed and 
one roll wears more quickly than the other. A theory of 
rolling under these conditions is being developed to help 
solve the problems. An unexpected prediction from this 
theory is that with single-roll drive torques can be up to 
25°, less than those needed with the normal system. 

Reducing wear on the rolls in the finishing train of a 
rod or bar mill would improve not only productivity 
but also quality, because uneven pass wear causes dis- 
tortion of the stock, and this disturbs the smooth opera- 
tion of continuous mills and introduces defects into the 
product. Works trials of rolls fitted with rings having 
facings of hard-wearing materials are to be made. 

The design of the experimental three-stand mill to be 
installed in the laboratory has been completed, and the 
plant is expected to be commissioned later this year. The 
stands are designed on the opposed cantilever principle 
and a pre-prototype stand of this design has been built 
and fitted with a drive for testing. 

Satisfactory results have been obtained in the trial 
production of high-speed steel sections by hot extrusion 
of ingots, but there is a need for cheaper and simpler 
presses so that small quantities can be produced econo- 
mically. This aspect is being actively studied, with the 
intention of installing a versatile press for the investiga- 
tion of several new and promising methods of hot 
deformation. 

Wire-drawing 

In drawing high carbon steel wire it is necessary to 
ensure that excessive temperatures are avoided, because 
of their known effect in causing a deterioration in wire 
properties. Consequently the output of a machine is 
dependent on cooling efficiency. Up to 30%, of the heat 
can be removed by external air blast, but beyond this 
point, the method is uneconomic. 

Modifications in water cooling can, however, lead to 
substantial increases in drawing speed and wire output. 
In the B.I.S.R.A. system of cooling, the narrow gap 
between the drawing ring and the stationery inner 
cylinder of the capstan, ensures that a maximum area 
of capstan wall will be wetted by the cooling water 
passing through the gap. The narrower the gap the 
higher is the rate of heat transfer, because of the in- 
creased efficiency in causing turbulent flow. Addition- 
ally, the inner capstan walls are plated to prevent cor- 
rosion and a chemically treated water is used in a closed 
circuit cooling system. These precautions prevent 
excessive rusting and the silting up of both capstan and 
pipes by deposits present in untreated water. 

Weld breakages in high carbon steel wire are a source 
of serious trouble in continuous wire-drawing mills, 
failure occurring most frequently in wire thinner than 
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16 s.w.g. and in heavy gauge rod in the size range 
3 s.w.g. and thicker. It has been shown that during 
welding of the more rigid rod, the main problem is end 
preparation and alignment, a difficulty which may be 
overcome by flash butt welding, where the end prepara- 
tion is not so important because the flashing operation 
performs this task. With the thinner gauges, the 
difficulty of controlling the cooling rate results in the 
formation of a low-strength fine-grained band on each 
side of the weld, and a low temperature heat treat- 
ment cycle has been recommended to overcome this. 
Automatic control of these post-welding treatments on 
welding machines would greatly improve the consistency 
of the welds produced, and a survey of existing machines 
has been made with suggestions for improving their 
performance. 

New equipment being introduced into wire mills will 
make it unnecessary for the operator to stop his machine 
after drawing 2—4 ewt. of wire to remove the coil from his 
machine, as coil weights of 2 tons are likely to become 
quite general in the near future. It will still be necessary 
for him to stop the machine from time to time to check 
the surface finish and diameter of the wire. The develop- 
ment of satisfactory means for continuous in-line inspec- 
tion would eliminate the stoppages and reduce the 
amount of rejected material. As yet there are no 
instruments available for the continuous inspection of 
surface finish or the detection of score marks, but con- 
siderable advances have been made in automatic gauging 
techniques. B.I.S.R.A. has made a survey of the wire 
gauging instruments on the market, classifying them into 
contact and non-contact types. The former may be 
operated by mechanical, pneumatic or electrical means, 
the wire passing between rolls or styli. Non-contact 
gauges (which are particularly advantageous for measur- 
ing fine wire, where a very good surface finish is often 
required) fall into three categories—electrical (capacity), 
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pneumatic, and the optical type using photo-electric 
cells. 


Manufacture of Sheet and Strip 

The removal by pickling of the edge scale on both 
narrow and wide mild steel strip may take three or four 
times as long as the centre scale, thus wasting time, acid 
and metal, as the centre is over-pickled. Mechanical 
scalebraking shortens the pickling time only marginally. 
Examination of narrow strip has shown that a film of 
Fe,0, is formed on the rolling scale near the edge during 
the slow cooling of the strip after coiling, and though this 
oxide has not been positively identified on wide strip, it 
seems probable that it is the cause of slow pickling. One 
way of preventing the formation of this film, by sealing 
the edges of the hot coil with boric oxide after removal 
from the coiler, has been tried out successfully in two 
mills, but the spraying of boric oxide is unacceptable 
under production conditions. Other possible ways of 
bringing about the desired effect are under consideration. 


The effectiveness of the lubrication of the rolls and 
stock in cold rolling influences the size of mill, number of 
passes required, thinnest gauge produced, and the ton- 
nage rolled per roll dressing. As yet, little is known about 
the mechanism of lubrication, nor is it known whether 
or not it can be improved by other than trial-and-error 
methods. The assessment of a series of eleven experi- 
mental oils on the 14 in.laboratory mill has revealed none 
better than palm oil. At the same time research into the 
mechanism of lubrication has demonstrated the possi- 
bility of reducing friction and wear by grinding the rolls 
transversely instead of circumferentially as is done at 
present. 


As the speeds of sheet and strip production increase, 
so the problem of adequate inspection becomes more 
acute, in many instances the point having been reached 
at which human visual inspection cannot keep pace with 
the high line speeds. To overcome this problem and to 
meet the exacting demands of high speed inspection, 
B.1L.S.R.A. has developed three types of equipment for 
automatic in-line inspection. They are an ultrasonic 
lamination detector, a multi-channel photo-electric 
scanner, and an arrested image T.V. apparatus. 


Because of the superior quality of product obtained, 
the use of continuous annealing for blackplate has been 
increasing in the tinplate industry in recent years, but 
the size and cost of existing annealing plant are large on 
account of the relatively lengthy time cycle at present 
considered necessary. To establish whether improve- 
ment could be achieved by using some alternative 
annealing cycle, a metallurgical investigation was made 
of the recrystallisation, soaking and cooling parts of the 
process. This work has shown that recrystallisation 
occurs almost instantaneously at a temperature of about 
700° C., even with rapid heating-up. It was also found 
that by quenching from 700° C. to 200°-300° C., coiling 
at this temperature and over-ageing the strip for 15 
minutes in a non-oxidising atmosphere, the same results 
could be obtained as by slow cooling from 700° C. to 
about 60°C. Can-making trials on 5 in. wide strip 
treated in a rapid annealing plant at B.I.S.R.A.’s 
Swansea laboratory have confirmed that the properties 
of temper universal for tinplate can be achieved with a 
processing time of less than ten seconds. The strip is 
preheated to about 200°C. in a tank of lead-bismuth 


eutectic, passing through an electric induction heater, 
and is cooled in a second bath of liquid metal. The two 
tanks are connected by ducts and the metal is circulated 
by an electromagnetic pump to maintain thermal 
equilibrium, Plans are in hand to build in a member's 
works a pilot production annealing plant to this design 
for 39 in. wide material. Progress is also being made in 
extending rapid annealing to other types of material, 
such as thicker gauge sheet for drawing and stamping, 
and the softer qualities for deep drawing. 


Good progress has been made on the development of a 
process for coating strip with aluminium by electro- 
photeric deposition of aluminium powder followed by 
rolling and heat treatment. When produced under opti- 
mum conditions, the properties of the new aluminium 
coated steel (Elphal) are most attractive. The coating is 
uniform and thickness can be controlled to fine limits 
over a wide range. There is very little alloy present and 
the steel can be quite severely deformed without any 
deterioration of the coating. The porosity is so low that 
the surface can be anodised. The raw aluminium 
powder costs 50°, more than the ingot aluminium used 
in hot dipping, but this is offset by the fact that so little 
alloy is present, and that the coating is much more 
uniform in the powder-based product. 


The process is carried out in three stages with a single 
pass. When the strip is passed through a bath containing 
a liquid suspension of the powder, an electric current 
passing through the bath causes a migration of the 
powder towards the strip (electrophoresis). The deposit 
adheres to the strip sufficiently for it to be dried and 
transported to the second stage, where it is compacted 
by a light pass through a rolling mill. The final heat 
treatment process is carried out in coil form by a new 
resistance heating technique developed for this purpose. 


Mechanical and Physical Characteristics 


During the last fifteen years considerable attention 
has been paid to the phenomen of brittle fracture of mild 
steel at low temperatures. B.I.S.R.A. has carried out 
investigations into the influence of nitrogen, aluminium, 
silicon, zirconium, titanium and niobium on the transition 
temperature of a 0-17% carbon, 0-85°%, manganese 
steel. As a result of these studies it has been established 
that the effect of nitrogen, in the absence of any nitride- 
forming elements is to enlarge the transition temperature 
range, without affecting the transition temperature. 
The transition temperature range is reduced, however, 
when aluminium, zirconium or titanium is added to 
steels containing nitrogen. 


Under certain conditions the transition temperature 
itself can be lowered. Silicon additions of up to 0-3°%, 
for instance, will result in a progressive lowering of the 
transition temperature, but it is raised again by any 
increase in silicon beyond this level. The influence of 
individual elements depends, to a considerable extent, 
on the heat treatment of the steel and the processing 
conditions to which it has been subjected. In steels 
which have been normalised and/or quenched and 
tempered, for example, niobium causes a significant 
reduction of the transition temperature, whereas in 
rolled steels it has little effect. 


The capacity of the fatigue testing laboratory has 
been supplemented by the installation of a 6 ton Losen- 


METALLURGIA 


4 

‘ 

ae 

rks 

: 

‘ 


hausen direct-stress machine, and is being further in- 
creased by a 6 ton Haigh-type machine. Tests on a 
14°, nickel-chromium-molybdenum steel, heat treated 
in various ways to produce a tensile strength of 100 
tons ‘sg. in. and a hardness of 500 V.P.N., have shown 
that the fatigue limit may vary from + 28 to + 44 
tons sq. in., depending on the heat treatment. Two 
samples of the steel which had different micro-structures 
but almost the same static mechanical properties had 
markedly different fatigue values. Experiments are in 
hand to discover the causes of this variation. This work 
is important in confirming that static mechanical 
properties are not an adequate guide to fatigue strength. 


The efficiency of transformers, alternators and other 
electrical machines is considerably reduced by the 
energy lost in their magnetic cores, and the amount of 
energy lost depends on the quality of the core material 
Magnetic cores are usually made of silicon iron, an alloy 
which can be made into strip with excellent magnetic 
properties. Unfortunately, these magnetic properties 
may be seriously impaired by impurities in the alloy, 
which are thought to produce this effect by (1) modifying 
the recrystallisation texture, and (2) forming inclusions 
which hinder the wall movement of magnetic domains 
and so increase the hysteresis loss. Among elements 
known to be harmful are carbon and nitrogen, and in the 
absence of quantitative data carbon has always been 
considered to be the more harmful of the two. An 
investigation by B.I.S.R.A.’s metallurgy division has 
shown, however, that in tests where the recrystallisation 
texture is kept constant, nitrogen is by far the worse 
offender. 


Rapid Analytical Techniques 


Industrial chemical analytical procedures are capable of 
extreme accuracy, but most of them are somewhat 
protracted and of only limited use for the control of 
liquid steel in the melting furnace, or for the rapid 
analysis of large numbers of final samples. In recent 
years, however, there has been a considerable amount of 
development in the application of physical and physico- 
chemical techniques of analysis, and these are now 
gradually replacing the traditional chemical procedures. 


A vacuum direct reading emission spectrometer can 
be used to determine the percentage of carbon, mangan- 
ese, silicon, sulphur, phosphorus, nickel, chromium, 
molybdenum and vanadium and the results reported 
within 10-15 minutes of receiving the sample from the 
furnace, and in a number of the larger steelworks the 
control of the melting furnaces is based entirely on instru- 
ments of this type. The direct reading instrument is 
costly and there is still widespread use for certain purposes 
of the ordinary optical spectrograph where the results are 
recorded as spectral lines on photographic plates. A 
calculating board has been devised for use with this 
technique which simplifies the conversion of line densities 
to percentages of elements present. 

Both the optical spectrograph and the direct reading 
version are at their most accurate where low percentage 
contacts are concerned, but where the contents to be 
determined are extremely low (up to 0-01%) or much 
higher than the normal range (down to 5%) alternative 
methods are desirable. One such method is X-ray 
fluorescence spectometry in which the specimen, irra- 
diated by high intensity X-rays. emits secondary X-ravs 
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The AEI basic electron probe micro-analyser 


of wavelengths characteristic of the elements it contains 
and with intensity proportional to their content. This 
radiation is separated into component wavelengths by 
a diffracting crystal and the intensities measured by a 
suitable detector. This technique has been shown to be 
eminently suitable for the precise analysis of low alloy 
steels, but its most important application will probably 
be for the analysis of high alloy steel, ferro-alloys and 
slags. Although the precision of this method is high, 
inter-element effects are appreciable ; a calculator for 
these effects has been developed and patented. 


An AEI basic electric probe micro-analyser has now 
been installed in the laboratory. This instrument is 
capable of analysing a spot of the order of 0-5 micron 
diameter for elements above atomic number 22 (titanium), 
and experience in its use will be gained by the study of 
such inhomogeneities in steel as inclusions, banding, dis- 
tribution of alloying elements among different phases, 
surface scales, etc. It will then be used for determining 
the degree of homogeneity of steels used in the division's 
research programme, for studying processes occuring in 
heat treatment, and for investigation with creep, fatigue, 
corrosion, ete. 

In spite of these new expensive techniques, the older 
physico-chemical methods such as absorption spectro- 
metry still have an important role to play. A case in 
point is the determination of small amounts of aluminium 
in steel, which is becoming increasingly important in 
investigations into such problems as grain-size control, 
deoxidation, the influence of aluminium on nitrogen 
content, and its effect on the low temperature properties 
of mild steel. An investigation by the metallurgy 
division has shown that the aluminium content can be 
determined in 4-5 hours using Eriochrome Cyanine 
compared with about 1} days required by the British 
Standard volumetric procedure. 
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General 


In addition to items featuring the work of the divisions 
housed at Sheffield—or closely related to it—the opera- 
tional research department mounted a display showing 
the many and varied fields in which operational research 
can help the iron and steel industry. Examples given 


ranged from laying down economic stock levels to 
planning efficient information systems, and from reducing 
transport problems to designing the job to fit the man. 

Such matters as patents and developments, technical 
services and information services were covered by the 


development and information services display. The 
steel users section is located at Hoyle Street and deals 
with general technical inquiries, industrial surveys, 
compilation of data on En steels, etc. 

Finally, visitors were afforded an opportunity of seeing 
in one of the courtyards an important industrial * histori- 
cal monument’ restored for permanent preservation. 
This was the last of the cementation furnaces, as used 
in steelmaking for decades before the converter and open 
hearth furnace were introduced. This particular furnace 
was still in operation in the late nineteen-forties. 


Alcan’s Unique Teleprinter Network 


House, 30 Berkeley Square, Aluminium, Ltd., of 

Canada (Alcan) have installed one of the most com- 
prehensive privately-operated teleprinter systems in the 
industrial world. The new network connects the U.K., 
Canada and the United States in a pattern of high-speed 
communication which will greatly increase the efficiency 
of Britain’s export-import trade in aluminium. It will 
now be possible, for example, to transmit orders in a 
matter of minutes direct to the group’s smelters in 
Canada and to plan the schedules of Alcan’s fully-owned 
shipping company closely in keeping with up-to-the- 
minute demands. 

The first messages on the new system were exchanged 
on 26th June between Mr. Nathanael V. Davis, President 
of Aluminium, Ltd., visiting Britain from Montreal, and 
Mr. George Hees, Canadian Minister of Trade and 
Commerce in Ottawa. Mr. Davis also sent a message of 
greeting to the twenty-four United Kingdom offices 
associated with Alean. All of these will now be inter- 


T their London headquarters at Aluminium Canada 


Mr. Nathanael V. Davis (right) examining the tape of his 
first message on the new Alcan teleprinter system with the 
Hon. George A. Drew Q.C., High Commissioner for Canada. 
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connected with each other, with the control centre in 
London and, via trans-Atlantic cable, fifty-seven stations 
in Canada and the United States through the Montreal 
switching centre. A further extension of the network to 
embrace Continental Europe is being planned. 

All the facilities of the organisation on both sides of 
the Atlantic are thus brought within a closely-integrated 
pattern of operational control. This will streamline the 
group's services to the metal industry and will expedite 
sales to the United States, the Caribbean, and South 
America, of Alcan metal fabricated in the United 
Kingdom. It will also speed-up Alcan’s sales in Britain 
and other European markets. Last year the North 
American section alone handled 600,000 company 
messages. The entire system now provides 12,000 miles 
of direct communication between Alcan plants, offices 
and customers. It permits instant contact between such 
widely separated centres as Kitimat, British Columbia, 
where Alcan have giant smelters and power plants, and 
Banbury, in Oxfordshire, where the group has extensive 
research laboratories and important fabricating facilities. 

The complex network utilises the facilities of Canadian 
Overseas Communications, Britain’s General Post Office, 
the Bell Telephone Company, the Trans-Canada tele- 
phone system, the Canadian National Telegraphs, and 
the American Telephone and Telegraph Company. 
Creed supplied the equipment for the United Kingdom 
installations. An important feature of the new system 
is a high degree of automatic operation achieved by the 
use of punched paper tape in conjunction with special 
electronic units. This method, together with the * party 
line’ system which interconnects the twenty-four 
United Kingdom stations, is not yet in general use in 
Britain. A similar system is used by airlines for inter- 
connection between different companies, but the Alcan 
network for industrial and commercial communication 
is the only one of its kind serving the metal industry. 


From Ist July the welding business of the English 
Electric Co., Ltd., is being co-ordinated in a newly- 
formed welding equipment division which is being set up 
at the company’s Accrington works. The manager of the 
division will be Mr. R. H. Boueuton, the chief engineer 
Mr. F. Mu.ery, and the sales manager Mr. E. H. Ayres. 


Tue London office of Crofts (Engineers), Ltd., has been 
moved from 34, Norfolk Street, Strand, to new premises 


at 36/42, Tanner Street, Bermondsey, London, S.E.1 


(Telephone : HOP 7751/4). 
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Heat treatment 


Orchids grow best in the controlied heat of the 
greenhouse — and metal parts receive the best heat 
treatment in ‘Cassel’ salt baths. 

With salt baths as with greenhouses, what counts is 
experience. The ‘Cassel’ Heat Treatment Service has 
long experience in carburising, heat treatment, temper- 


The resources and expert knowledge of 
G.E.C. and the British GECO Engineering 
Company Limited combine to provide G.E.C. 
furnaces for all induction heating purposes. 
These include furnaces for the induction 
heating of non-ferrous metals. If you havea 
problem concerned with induction heating 
or melting, bring it to G.E.C. Their specialists 
will be glad to help you. 


RELY ON 
THE EXPERIENCE OF 


: FOR FULL INFORMATION, WRITE TO: THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND: ERITH-KENT 
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NEWS 


Beilby Medal and Prize, 1961 

Tue Administrators of the Sir George Beilby Memorial 
Fund, representing the Royal Institute of Chemistry, 
the Society of Chemical Industry and the Institute of 
Metals, have decided to make awards from the Fund in 
1961—each consisting of the newly instituted gold 
medal with a prize of 100 guineas—to the following : 

To Constantin EDELEANU, in recognition of his work 
on the corrosion of metals and alloys, with special 
reference to the development of the potentiostat 
technique and its applications to the study of practical 
problems, and on the characteristics of corrosion 
reactions in fused salts. 
To Proressor JACK NvuTTING, in recognition of his 
work in physical metallurgy, especially in the appli- 
cation of the electron microscope to the study of the 
relationship between microstructure and mechanical 
properties of metals and alloys and to the investigation 
of phase changes and dislocation interactions. 

In accordance with the revised conditions, the Beilby 
Medal and Prize will henceforth be offered at intervals 
of two years, but more than one award may be made on 
the same occasion, as in this year, if there are several 
candidates of sufficiently outstanding merit. No further 
award will therefore be made until 1963. 


£1,000,000 Export Contract for 
Davy-Ashmore 


STROJIMPORT, one of the national buying agencies in 
Czechoslovakia, has placed a contract with Davy and 
United Engineering Co., Ltd., of Sheffield, a member of 
the Davy-Ashmore group, for a highly mechanised plant 
designed for the production of railway wheels and allied 
products. This contract, valued at over £1 million, is 
one of the largest ever placed with the West by Czecho- 
slovakia and also represents the first penetration by 
Davy-United with heavy plant into socialist countries 
since the end of World War II. 

Designed with a high degree of mechanisation and 
requiring the minimum of operators, the plant will be 
capable of sustained high production (initially 200,000 
a year) of monobloc wheels, disc wheel centres and tyres 
for rolling stock. The plant will use the Kendall- 
Taylor process of wheel manufacture developed by 
Taylor Bros. & Co., Ltd., of Trafford Park, Manchester, 
one of the largest wheel manufacturers in the world. 
The Czechoslovakian plant, based on that originally 
installed ten years ago at Taylor Bros., follows similar 
plants built under licence in U.S.A. and Canada. The 
output will be achieved by numerous complex high-speed 
handling devices between all the major units of the plant, 
so that manual handling will be entirely obviated at all 
stages. 

Among the principal units of plant supplied by Davy 
and United Engineering Co., Ltd., are an ingot block 
breaking press, furnace charging and discharging 
machines, a 5,500 ton drawdown type wheel forging 
press, a wheel mill of patented design capable of rolling 
at a rate in excess of 65 wheels per hour, and all the 
specialised inter-unit handling equipment. Other units, 
such as a rotary hearth block heating furnace, an 800 
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ton punching press, a 2,000 ton dishing press of special 
design and plant for the heat treatment of the rolled 
products prior to machining, will be built in Czecho- 
slovakia to Davy-United drawings. The plant will also 
include roughing and finishing tyre mills of special 
design, produced by Wagner & Co., of Dortmund, which, 
at the special request of the Czechoslovakian buying 
agency, are also being ordered through Davy-United. 


New B.I.S.R.A. Research Section 
B.L.S.R.A. has created a new section in its plant engi- 
neering and energy division to centralise the Association's 
research into control engineering. When the plant 
engineering and energy division was formed, an electrical 
engineering section was included to carry out research 
into the electrical equipment used in steelworks. During 
the last few years, and with the increasing interest being 
shown in automation in the iron and steel industry, the 
research of the section has tended more and more towards 
the electrical engineering aspects of automatic control 
systems—their design, construction and application to 
steelworks plant. Some work on hydraulie control 
systems has also been carried out in another section of 
the division. The basic theory of control applies to both, 
and the one selected depends upon the specific 
requirements, 

In view of the advantages to be gained in bringing all 
the work in the division on control engineering within 
the province of one section, the electrical engineering 
section has been replaced by a new control engineering 
section. The change of name is a recognition of the 
gradual change of emphasis in this field of work ; the 
new section will continue the present research into the 
electrical engineering problems of steelworks with the 
addition of work on hydraulic control. The Association 
has appointed Mr. J. P. Clyne, who has recently joined 
B.1.S.R.A. from the Sperry Gyroscope Co., Ltd., as head 
of the new section. 


Blast Furnace Refractories 


In the account of the blowing-in of the new blast furnace 
at the Millom Hematite Ore and [ron Company's works 
which appeared in our June issue, reference was made to 
the record run of No. 3 blast furnace which, in an eight- 
year campaign, made 1,013,474 tons of iron at an average 
coke rate for the full campaign of 16-23 ewt./ton of iron. 
For a number of weeks during the last two or three years 
the furnace was operated on practically 100%, self- 
fluxing sinter and a blast temperature of over 1,000°C., 
with a coke consumption of under 12 ewt. ton. 

The refractories used were supplied by General 
Refractories, Ltd., the stack being in Foster Crown and 
Foster High Grade qualities, the bosh in Foster Crown, 
and the hearth in Foster Carbon. Halfway through the 
campaign the stack had to be repaired as a result, it was 
thought, of inadequate cooling. During the repair, 
more coolers were used in the area of failure and no 
further trouble was experienced. In view of the ex- 
perience gained with this campaign a full Foster carbon 
hearth is to be used again, and increased cooling will be 
applied to the stack. 
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A.D.A. Directory of Members 


Tue new edition of the Aluminium Development 
Association's Directory of Members with Index of 
Products has, in general presentation been brought into 
line with other A.D.A. publications under the programme 
of redesign for the entire series. It has also undergone 
considerable modification and expansion of content. 
The publication is now divided into two parts, the first 
being an index of products, whereby a user requiring 
aluminium in a particular form—castings, sheet, foil, 
sections, wire, forgings, etec.—is given on sight a list of 
member companies supplying aluminium in that form, 
and is referred by page number to the second part of the 
book in which the full particulars (name, address, sales 
offices, etc.) of corresponding member firms are set out. 
Copies of the Directory and Index are available without 
charge to bona fide enquiries. 


H.F. Furnace Order for G.W.B. 


G.W.B. Furnaces, Lrp., of Dudley, Wores., have 
received an order to build what will be the largest and 
most powerful high frequency induction melting furnace 
in the United Kingdom. This order has been placed with 
G.W.B. by the North Eastern Lron Refining Co., Ltd., 
of Stillington, Stockton-on-Tees. It will be used for the 
production of highly specialised refined alloy pig irons 
and steel. The first furnace body will have a capacity of 
up to 7 tons of molten metal, but the electrical equipment 
has been so designed that a second furnace body may have 
a capacity of just over 10 tons. The plant will be housed 
in the main cupola melting shop to allow for duplexing 
operations and machine casting. 

The Stillington installation, for which the North 
Eastern Electricity Board is providing a new overhead 
supply will comprise a 1,700 kW. high frequency generat- 
ing plant working in conjunction with a bank of water- 
cooled capacitors. A motorised 10,000 A. furnace 
selector switch is also to be supplied to enable the high 
frequency power to be switched to either of two furnaces. 
The equipment, which will be engineered and built by 
G.W.B. to an approved design of Demag Elektrometal- 
lurgie, is expected to be commissioned in December of 
this year. 


GKN House 

*Untit 1960 the London headquarters of the GKN group 
of companies was located at 66 Cannon Street, E.C.4., 
where there was room for only a limited number of 
representatives of group companies, other companies 
having offices in many different parts of London. This 
somewhat unsatisfactory state of affairs has now been 
remedied by the erection of a modern office block on the 

site of the old Stoll Theatre in Kingsway, W.C.2. 
Known as GKN House, the new block faces Kingsway 
on the south-west, and on the north and east overlooks 
Lincoln’s Inn Fields and the Law Courts. It is a seven- 
storey building with 92,000 sq. ft. of office accommoda- 
tion, furnished and equipped in the most modern style, 
and two basements for car parking. In bringing together 
all existing London offices, the aim has been to serve the 
group and its customers with maximum efficiency and 
satisfaction, and to provide amenities and working 
conditions for the staff of such a standard that as a 
building it will retain its modernity in years to come. 
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View of GKN House as seen from Kingsway. 


In addition to the office accommodation on the upper 
floors, GKN House provides on the ground floor show- 
rooms where a selection of products manufactured by 
the group is displayed. Adjacent to the showrooms is a 
cinema and lecture theatre accommodating fifty people 
for the use of group companies and their visitors. 


Nickel Price Increase 


To assist in offsetting higher and mounting costs since 
the company’s last price rise four and a half years ago, 
The International Nickel Co. of Canada, Ltd., has 
announced new and increased prices for its refined nickel, 
which will be £660 per long ton in the United Kingdom, 
representing an increase of £60 per ton. Appropriate 
increases are being introduced for other countries, and 
new prices are being announced for other forms of 
primary nickel. 

In announcing the present price changes, International 
Nickel pointed out that, since the last rise in the nickel 
price on December 6th, 1956, the company has absorbed 
mounting costs of all kinds. The company cannot, 
however, continue to absorb cost increases of the magni- 
tude it has been carrying, which have greatly exceeded 
the benefits of efficiencies and increases in productivity 
brought about by the company’s process research and 
more efficient capital installations. As a part of the 
company’s policy of stimulating the expansion of uses 
for its nickel in preference to other materials, through 
providing steady prices for its customers over the 
longest possible periods, it has deferred any change in 
its prices until this time. 


Nuclear Power Contracts for TI 


A £300,000 contract for electrically-welded finned 
steel tube, for the Dungeness nuclear power station, has 
been received by the Tube Investment company, Tube 
Products, Ltd., of Oldbury, Birmingham. This follows 
contracts for similar extended surface welded tubing, 
to a total value of over £2 million, placed with Tube 
Products for the Hunterston and Trawsfynydd nuclear 
power stations in the United Kingdom; the Latina 
project in Italy, and the Tokai-Mura project in Japan. 
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Tube Products pioneered the development of this type 
of extended surface tubing some three years ago, and 
has already supplied over 2 million ft. of the material. 


B.1.S.R.A. Conference 


B.1L.S.R.A. metallurgy division announces a conference on 
“Hydrogen in Steel,” to be held at Harrogate from 11th 
to 13th October next. The specific aspects of the 
problem to be discussed include : (1) removal of hydro- 
gen from liquid and solid steel; (2) the diffusion and 
solubility of hydrogen in steel ; (3) the effect of hydro- 
gen on the properties of ultra-high tensile steels ; and 
(4) hydrogen in weld metal. Full details and application 
forms will be available from 14th August, when applica- 
tions should be made to the Technical Secretary, 
Metallurgy Division, B.I.S.R.A., 11 Park Lane, London, 


W.1. 


for Oxygen ”’ 


Tuts year the British Oxygen Co., Ltd., celebrates its 
seventy-fifth anniversary, and to mark the occasion the 
company has made a film called “ O for Oxygen.” It 
show show from Priestly’s discovery of oxygen in 1774 
has stemmed a world-wide use of oxygen and other 
industrial gases in industry, medicine, aviation and 
scientific development. It also illustrates how the various 
ingredients of the air are being used to make steel more 
efficiently, to cut ships’ plates more quickly and more 
accurately, to weld metals more strongly, to send up 
rockets, and to save lives. 

Made for general interest by World Wide Pictures, 
Ltd., “‘O for Oxygen” is photographed in Eastman 
Color by Technicolor and runs for 23 minutes. 
Copies of the film in 16mm. and 35 mm. will soon be 
available on free loan from B.O.C. to schools, colleges 
and similar organisations. 


European Aluminium Consumption 
Doubled by 1970 


SPEAKING at the recent Light Metals Congress at Leoben, 
Austria, Mr. D. Hamer, president of Alcan 8.A., Ziirich, 
European sales distributor for Aluminium, Ltd., of 
Canada, predicted a doubling of the current aluminium 
consumption by 1970 in Western Europe. Mr. Hamer 
estimated that European smelter capacity would be 
expanded from 870,000 tons to 1,500,000 tons within 
the decade. Expansion of smelter capacity beyond that 
would, he said, “ be restrained, particularly by the 
growing realisation that Europe cannot condone the 
increasing wasteful use of its fuel resources . . . essential 
to the future.” 

Examining the trend in the major areas of aluminium 
consumption, such as the building, transport, household 
appliances, electrical and packaging industries, Mr. 
Hamer estimated that European consumption would 
increase from just below 1} million tons in 1960 to at 
least 2} million tons within the decade. By that time, 
however, Europe’s capacity for smelting aluminium 
would be about 1,500,000 tons. Its production deficit, 
therefore, which was 410,000 tons in 1960, would then be 
at least 800,000 tons. To produce this additional 
amount in Europe would be extremely difficult in view 
of the continent’s shortage of power resources and ever- 
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increasing need for electricity. To meet the expected 
future demand from aluminium consumers, the European 
fabricating industry would need to be considerably 
expanded and modernised, and would be obliged to 
import substantial additional tonnages of primary 
aluminium from outside Europe. 

Mr. Hamer said that supply of primary aluminium for 
Europe “cannot be satisfied automatically by the 
probability of a world surplus’ and pointed out that 
“the European market will find it necessary to create 
import conditions which will not impose penalties on 
foreign suppliers . . . Tariffs on imported aluminium 
represent a danger to the European fabricating industry 
in the long term. Their elimination in favour of effective 
anti-dumping legislation used by some countries will go 
a long way to ensuring adequate supplies of metal at all 


times.” 


Personal News 


THE appointment has been announced of Mr. R. P. 
MacKay as superintendent, steel plants, of the steel 
division of The Steel Co. of Wales, Ltd., with effect 
from Ist July. Mr. Mackay joined the company in 1934 
as a student trainee at the Margam coke ovens. 

Str Perer Roserts, Br., M.P., the Rr. Hon. Lorp 
RiverDace, D.L., J.P., Sir Ropert Apeane, O.B.E., 
J.P., Mr. F. H. Brooks and Mr. K. E. WaLker have 
been appointed to the board of Hadfields, Ltd. 


Hmeer & Warts, Lrp., announce that Mr. A. H. 
CAMPBELL, who has been a director of the company 
since 1951 and general manager since 1954, has been 
appointed joint managing director with Mr. G. A. 
WHIPPLE. 

Mr. W. H. Day has been appointed to the board of the 
Wellman Smith Owen Engineering Corporation, Ltd., 
as commercial director, and has relinquished his position 
as secretary, in which he is succeeded by Mr. D. G. 
Mr. C. D. WarrLewortu has been appointed 
assistant managing director (technical) and Mr. D. A. 
HvuME assistant managing director (commercial). Mr. 
A. T. EASTERBROOK has been appointed general manager 
of the furnace building and contracting department in 
succession to Mr. G. TaLsor, who has resigned from the 
company’s service. 

Wir the advent of new processes of steel making and 
new strip mills the markets available to The Steel 
Company of Wales are constantly changing. The higher 
management of the company, appreciating this, con- 
siders that it is now appropriate to unify and strengthen 
its research activities which have previously been organ- 
ised on a divisional basis. To implement this, Dr. C. 8. 
BALL, at present superintendent of research, steel division, 
has been appointed research controller of the company, 
responsible to the managing director, with the duty of 
developing and increasing the scope of the company's 
research facilities. This will include the co-ordination 
and, where appropriate, unification of the present 
organisations. It is intended that a start will be made 
immediately on construction of the research laboratories 
at Port Talbot. 

Mr. R. P. Moore has been appointed the representative 
of the process heating division of Pye, Ltd., for the area 
south of London and the southern counties, and Mr. R. 
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Laprisn will cover the East Anglian area, including 
Stamford, Wellingborough and Stevenage. Mr. J. J. 
TYRRELL will continue in the north London area and 
High Wycombe, with Mr. J. A. TayLor covering South 
Wales to Birmingham as far as the Yorkshire and 
Lincolnshire border. 

Tue Unrrep Steer Cos., Lrp., announce that Mr. J. D. 
Wricut has been appointed manager of the Temple- 
borough melting shop of the Steel, Peech and Tozer 
branch from Ist July. He succeeds Mr. H. H. EnGianp, 
who has resigned. 

Mr. H. R. Brooker joined the board of Johnson, 
Matthey & Co., Ltd., on 15th June, 1961, as a joint 
managing director of the company. Mr. Brooker has 
hitherto been general sales manager and he will continue 
to be principally responsible for all the sales divisions of 
the company. 

Mr. C. G. Conway has been appointed sales manager of 
Great Lakes Carbon International, Ltd. 


Mr. R. A. Day relinquished his position as chief metal- 
lurgist of Blackburn Aircraft, Ltd., at the end of June to 
take up an appointment as chief metallurgist of Well- 
worthy, Ltd., Lymington, Hants. Mr. R. BoLer suc- 
ceeds Mr. Day as chief metallurgist of Blackburn Air- 
craft and Blackburn Engines, Ltd. 


Mr. F. HoLitoway, secretary of the Workington Iron and 
Steel Co. branch of The United Steel Cos., Ltd., has been 
appointed secretary and office manager on the retire- 
ment of Mr. W. McGrecor. Mr. G. Hrrp has succeeded 
Mr. J. 8. Boorn as agent responsible for the company’s 
mining and quarrying properties in Cumberland. 


Mr. G. H. Jonunston has been appointed managing 
director of the Meltham Silica Firebrick Co., Ltd., one of 
the Genefax group of companies: he has held the 
position of general manager since 1954. Mr. Johnston 
joined General Refractories, Ltd., in 1934 and was 
successively manager of the Wharncliffe works and 
Lowood Silica Brick Works before moving to Meltham. 
Tue Macuine Co. (Great Britary), Lrp., 
announce the appointment of Mr. 8. W. Perkrns to the 
board of directors. Mr. Perkins is a director of Wickman, 
Ltd., sole agents in the United Kingdom for Gisholt 
machines 


Mr. G. Tavzor has taken up an appointment as deputy 
managing director of Stein & Atkinson, Ltd. 


Mr. C. C. Hopeson has retired from his position as 
chief metallurgist to Leyland Motors, Ltd., after more 
than forty years’ service. After studying metallurgy at 
Sheffield University, Mr. Hodgson joined the company 
in 1918, being appointed assistant chief metallurgist in 
1923, and chief metallurgist three years later. He is 
succeeded as chief metallurgist by Mr. C. S. Jonnson, 
manager of Leyland’s Farrington foundry for the last 
four years. Mr. J. Ferauson, the foundry’s production 
manager, has been appointed foundry manager. 


Dr. T. P. Hoar left the United Kingdom on 11th July 
for a private visit to the United States, after which he 
will lecture on the corrosion of metals at the University 
of Chile’s Postgraduate Engineering Winter School in 
Santiago. This visit is sponsored by the British Council 
and during his stay in Chile, from 19th August to 22nd 
September, he will make advisory visits to industrial 
plants and laboratories. 
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Mr. E. BEALtInG has been appointed chairman of Sandvik 
Steel Band Conveyors, Ltd., in succession to the late 
Mr. J. F. SsoGREN. 

Arter forty-eight years’ service with The General 
Electric Co., Ltd., Mr. A. B. Price, sales manager of the 
company’s Erith works, retired at the end of June. 


We regret to record the death of the following : 

Dr. A. G. C. Gwyer, formerly scientific manager to the 
British Aluminium Co., Ltd., who died suddenly on 
27th June, 1961, whilst on holiday in Cheltenham. 
Born in 1880 of an old Bristol family, Dr. Gwyer lived for 
virtually the whole of his working life and retirement 
in Lymm, Cheshire. 

A graduate of London University, he took his doctorate 
at Géttingen, and also received part of his education at 
the Universities of Bristol and Birmingham: he was 
a Capper Pass Metallurgical Scholar and an 1851 Royal 
Exhibitioner. Commencing work at the National 
Physical Laboratory in 1911, Dr. Gwyer joined the 
British Aluminium Co., Ltd., as research metallurgist in 
1912, becoming chief metallurgist in 1920, and scientific 
manager in 1939, from which position he retired in 1945. 
During his time with the company, there took place 
under his direction many notable developments in the 
evolution of aluminium and its alloys, and he was the 
author and joint author of numerous scientific papers 
in this field 

Dr. Gwyer was a firm believer in institutional work 
and was an original member of the Institute of Metals, 
later serving as member of council and vice-president, 
and a founder member of the Institution of Metallurgists. 
He was also president of the Manchester Metallurgical 
Society shortly after its foundation. In addition he was 
prominently associated at various times with the work 
of the Welding Research Council, the Institution of 
Welding, the British Standards Institution and the 
British Non-Ferrous Metals Research Association. 


Mr. G. Sanpianp, of The International Nickel Co. 
(Mond), Ltd., who died suddenly when returning from 
a company sports outing at Birmingham on 8th July, 
1961. Mr. Sandland, who will be remembered by many 
for his vigorous activities on his plating compaign, had 
been with the company for thirty-five years. 

Trained as an_ engineer-designer with Vickers- 
Armstrong, he joined the late Sir William Griffiths and 
Miss E. W. Parker to form the triumvirate who trans- 
formed the development and research department of the 
Mond Nickel Company into a highly valued asset. He 
saw the very first issue—and many subsequent issues— 
of the Nickel Bulletin through the press, to a point where 
it was considered a major contribution to metallurgical 
literature. During the war he worked with unbounded 
enthusiasm in the development and research department 
in the company’s London office, and it was there, for the 
first time, that his health broke down and a long period 
of treatment and rest was imposed. After the war he 
rejoined the publicity department, where he once again 
distinguished himself by his inventive mind and charac- 
teristic zeal. Latterly he had been prominent in the 
nickel plating labelling scheme, which is now reaching 
a state of maturity. 
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EFCO for aluminium annealing 
and normalising furnaces. 


for: 


isléminium ageing and 
solution heat 


Think of processing nd 
the name EFCO BEASH ! 


furnace installed in the 
Alloys Ltd. for 
and circles. The 
furnace, rated at 600 kW, has a heating 
chamber 20ft. long and a cooling table 30ft. long. 


FURNACES 
the best of the worlds furnace designs 


EFCO FURNACES LTD. 


QUEENS ROAD, WEYBRIDGE, SURREY ~- Weybridge 389! 
Associated with Electro-Chemical Engineering Co.. Ltd 
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Metallurgists! 
for specimen preparation 
use 


NASHTON 


metallurgical equipment 


Time lost preparing specimens the 
ordinary way can cost you an expensive 
number of technologist-hours over the 
year. But you can save this time— 

Nash & Thompson, manufacturers of 
metallurgical tools, can save it for 
you—with this selection of their 
Nashton “from start-to-finish” 

range of modern specimen 

preparation equipment. 


1 Metallurgical Mounting Presses 

For mounting specimens in bakelite or diakon 
moulds for their speedier and more efficient 
polishing, etching and examination. 

Models for mould diameters. 1 in., 14 in. 

and 1#in. £138. 2in. £200. 

2 Wet Pre-grindcr 

Replacing the usual improvised grinding 
plates, this simple inexpensive assembly 
presents four 11 in. x 14in. silicon carbide 
waterproot abrasive surfaces continuously 
washed by water jets. £12 plus £6.3.6 

for four 50 ft. rolls of abrasive paper. 

3 Vibratory Polisher 

This equipment drastically reduces man-hour 
costs of specimen preparation—can polish 
any number of specimens from 2 to 18 at one 
loading without attention. £120. 

4 Micro-Hardness Tester 

Applying loads of 1 gram to 200 gram, this is 
an ideal unit for the hardness testing 

of all small parts, including 0.0005 in. foil, 
fine wire, case hardened parts, etc. 
£280/£340. 

Also available (not illustrated): 

Electrolytic Polisher. This removes 

the surface structure of the metal by 
electrolysis anc is ideal for single and 
multiphase alloys. 

Electron Microscope. For metallurgical work— 
resolution 20 Angstroms, magnification 
better than 100,000. 


j Please write for technical 
data stating your problems 
and requirements 


Nash and Thompson nies 


Hook Rise South, Tolworth, Surbiton, Surrey. 
Telephone : ELMbridge 5252 
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RECENT DEVELOPMENTS 


MATERIALS : PROCESSES : EQUIPMENT 


Flame Controllers 


Ether, Ltd., have developed a new range of flame 
controllers for safely igniting and monitoring multi- 
burner installations in industrial concerns. They are 
fully transistorised, with plug-in circuitry and A.C. 
coupled amplifier, and are designed for use with gas-fired 
and oil-fired burners or burners working on a combination 
of both fuels. Moreover, they discriminate between 
flame and flame-radiation, and are unaffected by the 
latter. 

Series 704 flame controllers can be supplied for con- 
trolling up to six flames at once, depending on customers’ 
needs. Each flame is controlled by a ‘flame-eye,’ com- 
prising a lead-sulphide cell and a transistor amplifier 
which is sensitive to the modulated component in the 
flame-radiation. The presence of the flame is indicated 
by an output signal from the transistor amplifier which, 
in turn, switches a silicon transistor. The circuitry is so 
arranged that the pilot relay, which interlocks with the 
flame-relay and safe-start relay, cannot be energised until A.E.1. chain-link normaliser in use, showing photo- 
all the transistors are switched to ‘ flame-on ’ positions. electric cell, die blocks and control box. 

Absence of one or more flames will de-energise the pilot 
relay and indicate an alarm condition. provided for the addition of a salt bath when full heat 

When switched on, the internal main connection is treatment is required for high-tensile alloy-steel chains. 
delayed for a pre-purge period that can be varied The links are clamped pneumatically between elec- 
between 30 and 120 seconds. After the delay an ignition trodes conveying heating current from the transformer, 
light switches on, then a push-button is pressed which which is provided with a range of tappings to give adjust- 
causes a solenoid valve in the pilot-burner line to open. ment of the current. Electronic control can also be 
Simultaneously, the ignition transformers produce sparks provided to give stepless variation of the current over 
at the pilot-burner tips which ignite the pilot burners. an even wider range, and to enable the current to be 
The ‘ flame-eyes ’ then see the flames and immediately altered during the heating of a link. A photo-electric 
register the ‘ flame-on’ position, whereupon the main cell cuts off the heating current when a preset temperature 
solenoid valve is energised to open the main fuel supply. is attained, thus preventing over-heating of the chain. 
If the burners are controlled by a modulating valve, the The die blocks that hold the link and also act as 
interlocking contacts (which until now have held the electrodes are mounted on sliding carriages. The 
valve in the ‘ low-fire’ position) operate and allow the position of the left-hand block can be preset by means 
burners to go on control. If flame-failure occurs, the of a screw and nut to suit any length of link ; the right- 
pilot valve and main valve close, the control valve hand one is pneumatically controlled by a hand valve, 
closes to‘ low-fire ’ position, and the alarm signal is given. the pressure applied to the air cylinder being adjustable 

Ether, Ltd., Combustion Safeguard Division, Caxton through a reducing valve. 

Way, Stevenage, Herts. AEI Heating & Welding Sales Dept., Trafford Park, 
Manchester 17. 


Chain-Link Normaliser 

Associated Electrical Industries, Ltd., has introduced Electronic Air Filter 
a new machine for the normalising or full heat treatment The Trion electronic air filter, marketed by W. C. 
of steel chain links. Developed by the company’s Holmes & Co., Ltd., since 1956, has been redesigned to 
heating and welding department in conjunction with the meet the arduous operating conditions encountered in 
Parsons Chain Co., Ltd., it will apply heat to an untreated industry, and it will in future be known as the Indus- 
link in a chain such as a joiner link, avoiding the costly _ trion electrical air filter. 
reheating of the remainder of the chain. Although The new filter is of much sturdier construction than 
designed for links of from } in. to 4 in. diameter, it may its predecessor, and the insulators are now positioned 
be used occasionally to heat links of larger diameter. out of the main air stream ; this facilitates cleaning and 
It is particularly useful in the assembly and repair of ensures greater reliability. There are now two standard 
steel lifting chains to B.S. 1663, B.S. 2902, ete. sizes of power units which, in various combinations, meet 

The complete equipment, including transformer and the power requirements of individual installations, and 
control gear, is mounted in a fabricated steel structure the electrical equipment includes inherent current 
designed to withstand rough handling. Facilities are limitation which protects the equipment in the event of 
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a short circuit. The larger unit is fitted with a constant 
voltage transformer to provide a stable and effective 
performance under varying atmospheric and dust 
loading conditions. 

A further development is the introduction of a special 
heavy duty filter which is intended for use on applications 
where the dust burden is higher than that handled by the 
standard filter. With this heavy duty filter, pre- 
collectors of the multi-cell cyclone type are normally 
fitted to arrest any large particles which may be present 
in the extract system. Each heavy duty filter instal- 
lation will be individually designed after careful con- 
sideration of the data available, pilot plant tests being 
carried out on site where necessary. A filter arrangement 
comprises an ionising section followed by one or more 
collecting plate sections in series. The combination of 
these sections is determined by the collection efficiency 
required and dust holding capacity necessary to give 
reasonable periods between cleaning. 

As opposed to the standard filter which is cleaned by 
washing, heavy duty filters are normally arranged for 
dry removal of the dust, the complete filter section being 
vibrated to dislodge the collected dust which falls into 
storage hoppers below the filter. The cleaning operation 
occupies only a few seconds and the filter can be immedi- 
ately returned to line. One of the advantages of this 
system of cleaning is that the filter can be frequently 
cleaned, thus allowing a high dust burden to be handled. 

The Industrion range is completed by the Industrion 
oil mist precipitator, which has been specifically designed 
for the elimination of oil mist and smoke emanating from 
high speed cutting, grinding and machining operations. 

W.C. Holmes & Co., Ltd., Turnbridge, Huddersfield. 


New Way to Trim Lawn Edges 

A new and inexpensive means of keeping garden lawn 
edges straight and tidy without constant cutting back 
has recently been introduced by The British Aluminium 
Co., Ltd., It consists of a roll of aluminium strip, 4in. 
wide, and 33 or 100 ft. long, which goes into the ground 
round the lawn, and being flexible, fits any shape of 
border. The top of the strip, which is lightly corrugated 
for strength, is placed just below the level of 
the lawn, so the mower blades can pass over it. This is 


Aluminium strip being placed in position at edge of lawn. 


deep enough to prevent the grass roots spreading on to 
the path or the beds. The edges of the strip have been 
turned down, so there is no risk of cuts while fixing it. 
This consists simply of scraping away the earth from the 
edge of the lawn, putting the edging alongside just below 
the level of the grass, and replacing the soil. No supports 
or pegs are needed, and no hammering is required. 
Being made of aluminium it cannot rust and has an indefi- 
nite life. Like edging is already used extensively in the 
United States. 


The British Aluminium Co., Ltd., Norfolk House, 
St. James's Square, London W.1. 


Starter with Single-Phasing Protection 


The motor and control gear division of Associated 
Electrical Industries, Ltd., has just introduced an entirely 
new 5 h.p. starter, known as the DOC, 80, for three- and 
single-phase motors. This is believed to be the lowest 
priced unit on the market giving single-phasing protection 
on three-phase supplies. An ambient temperature 
compensator is incorporated to allow for differences in 
local temperature between the starter and the motor. 

A set of overload heaters is supplied separately in a 
small pack ; the heaters can be fitted very quickly to 
make the starter ready for service. There are fifteen 
different heater ratings, which, with the calibration 
control, enable the relay to give precise protection of the 
motor. The starters are supplied fitted with any one of 
five coils covering standard voltages. These, together 
with the range of fifteen overload heaters, will give 
seventy-five variations of the starter. Thus, only the 
minimum stock of starters is required to cover a wide 
range of ratings—a considerable advantage where 
customers’ and stockists’ shelf space and inventory are 
limited. 

The starter can be easily mounted into position, three- 
point fixing being carried out from inside the case without 
having to remove any component. Wiring is also simple 
and leads can be taken in and out of the starter from 
the top, bottom or side. 


Associated Electrical Industries, Ltd., Motor and 
Control Gear Division, Industrial Control Gear Sales, 
Marsden Mill, Nelson, Lancs. 


Handling of Small Parts During Heat 
Treatment 


A COMBINATION dump cart and hopper, manufactured 
by Ipsen Industries Inc., is designed to simplify the 
handling of small parts during heat treatment operations. 
Basically, the dump cart consists of a dolly with a 
tilting roller platform and a hopper. In operation, the 
basket load of parts is rolled onto the platform where the 
basket is clamped into position. A drain pan under the 
rollers collects excess oil accumulated during quenching 
operations. The hopper chute is then opened, and the 
platform is rotated to pour the parts into the hopper. 
An opening at the narrow end of the hopper chute permits 
controlled feeding of the parts into tote boxes or other 
containers. With the hopper chute folded in, the plat- 
form can be locked in the horizontal position, allowing 
the unit to serve as a dolly. Mounted on wheels, it can 
be rolled into position for the manual loading or un- 
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Mounted on swivelled wheels, the Ipsen dump cart (left) serves as a dolly and can easily be rolled into position 


for loading or unloading heat treating units. 
permitting the parts to pour into the hopper. 


In the dump position (right) the work basket is locked in place, 
The opening at the narrow end of the hopper allows parts to 


pour into tote boxes under complete control. 


loading of a battery of furnaces in any sequence desired. 
The dump cart permits oil soaked loads to drain and the 
hopper eliminates spillage and saves handling time in 
removing treated parts from the work basket. 


Ipsen Industries, Ltd., 53 Victoria Road, Surbiton, 
Surrey. 


Logarithmic Electronic Recorder 


A Britis designed electronic strip chart recorder with 
alternative logarithmic or linear response, to be made by 
Honeywell Controls, Ltd., at Newhouse, Lanarkshire, is 
intended mainly for research applications, though the 
instrument will find industrial uses. 

The recorder has two slidewires fitted in the standard 
position and the pen carriage is fitted with two sets of 
slidewire contacts. One slidewire is included in the 
measuring circuit and, to obey a logarithmic law, it is 
wound in twelve linear sections, each section having wire 
of different gauge or material. The law accuracy of the 
logarithmic slidewire is better than 0-4°,, state Honey- 
well. The second slidewire is of linear construction and 
this is connected to a D.C. power pack from which a 
negative bias voltage is applied to the final voltage stage 
of the amplifier via the second set of slidewire contacts. 
Thus the magnitude of this bias voltage is relative to the 
pen carriage position and so provides automatic amplifier 
gain control to maintain stable operation over the full 
scale travel. 

A two-position switch is incorporated in the measuring 
circuit to provide logarithmic or linear working. The 
new logarithmic/linear recorder has a_ calibration 
accuracy of better than 1°,. but to maintain a repeatable 
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accuracy of 0-25°, over the full scale the minimum span 
is restricted to 5 mV. 
Honeywell Controls, Ltd., Greenford, Middlesex. 


Absorptiometer - Nephelometer 


Tue Sigrist photometer UP2/LD is a new combined 
absorptiometer and nephelometer for laboratory use. 
It uses the fully automatic optical compensation metho 4 
unique to Sigrist photometers, whereby all measurements 
made are a function only of the structure of the light path, 
being independent of instrumental variations such as 
light source, photocell sensitivity and amplifier gain. 
Various versions are available, with or without inkless 
recorder and motor-driven monochromator. The absorp- 
tion range with filters is 366-950 mp, and with mono- 
chromator 400-1,000 mu; the turbidity range is 2 
10> to 6 absolute units. 

Southern Analytical, Ltd., Frimley Road, Camberley, 

Surrey. 


Circular Magnetic Chuck 


Tue Darwins Fimax circular permanent magnet chuck 
has a high quality manganese-bronze body with radial 
poles which ensure maximum holding of the workpiece 
without distortion. A unique feature of the chuck is the 
removable central adaptor plug which, when in position, 
ensures that the magnetic flux extends over the full 
chuck face area. The adaptor is secured by a cap screw 
which prevents rotation, enabling large or small com- 
ponents to be held firmly for machining. Removal of 
the screw and adaptor plug enables drilling, boring, 
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The Darwins Fimax circular chuck incorporating 
Alcomax III permanent magnets. 


reaming and grinding operations to be performed at one 
setting. 

Spigoted workpieces can rapidly be set concentric, 
using non-magnetic bushes, eliminating the need of 
indicator clocking, while bored workpieces can be set 
concentric, by use of a stub mandrel, both being useful 
features for repetition work. Means of chuck mounting 
may be incorporated to suit specific requirements. 

The chucks incorporate Alcomax III permanent 
magnets, produced by Darwins, Ltd., which are inspec- 
tion controlled at every stage of manufacture, and which 
ensure a chuck of extreme holding power. Front to back 
measurements are as small as possible commensurate 
with high magnetic flux, enabling the chucks to be run 
at high speeds since they are normally in good balance. 
Dynamically balanced chucks are available for very high 
speeds. Sizes range from 6 in. diameter x 2} in. thick 
to 24 in. diameter x 3} in. thick, the normal maximum 
speed for the former being 3,000 r.p.m. and for the latter 
750 r.p.m. 

Darwins, Ltd., Magnetic Tool Division, Tinsley, 

Sheffield, 9. 


Proportional Controller 


For stepless proportional control of electrical loads 
using magnetic amplifier and saturable reactor, a new 
millivoltmeter indicating instrument is announced by 
Honeywell Controls, Ltd. The Pyr-O-Volt controller 
105R12 is an inexpensive current-proportioning instru- 
ment with no contactors. It has a continuous output 
of 3-7 mA. working into an impedance of 4,0000 or 
more when used as the input to a magnetic amplifier. 
It will control saturable core reactors up to 100 kVA., 
with provision for control of larger reactors. Among 
important features are the straight line control, auto- 
matic fail-safe, built-in voltage regulation, plug-in 
design, adjustments on the instrument itself, connection 
and servicing from the front. In the same family is 
another new instrument, the millivoltmeter indicator 
105X11, which has a high quality moving coil movement 
and a plug-in design. 


Honeywell Controls, Ltd., Greenford, Middlesex. 
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All-Position Mild Steel Welding 
Electrode 


PuHILips announce the introduction of a new genera 
purpose electrode for the welding of mild steel which 
will provide weld deposits of regular appearance in all 
positions—downhand, vertical, overhead and in inclined 
planes. This electrode, known as type 28, is the latest 
addition to the Philips range and assists the welder in 
producing quality welds which are virtually self-deslagg- 
ing and of excellent appearance. Moreover, it is claimed 
that it will cope easily with all types of weld joints 
fillet, butt, lap and external corners, etc., in all positions 
which arise in fabrication of mild steel in all thicknesses, 
having remarkable tolerance of bad fit-up. A special 
feature of this electrode is that the stability of the are is 
such that in addition to first class control over the weld 
pool in position welding, touch welding techniques may 
be adopted by the operator. The type 28 electrode com- 
plies with B.S. 639 (1952) and is supplied in four gauges 
12, 10, 8 and 6 s.w.g. It may be used on either A.C. 
or D.C. 
Research d& Control Instruments, Ltd., Instrument 
House, 207 King’s Cross Road, London W.C.1. 


Forced Cooling for Vacuum Furnaces 


Gas cooling with a fan for forced circulation is now 
incorporated in automatic vacuum heat treating units 
manufactured by Ipsen Industries, Inc., a feature that 
improves metallurgical results and lowers production 
costs. To operate the unit, the charge is placed in the 
furnace and the door is shut and sealed. The operator 
only has to set temperature and time to start the unit 
through its automatic cycle. After pumping to a pre-set 
vacuum, the work is heated. At the end of the soak 
cycle, an inert gas is introduced into the chamber and a 
centrifugal fan forces the gas along the finned cold wall 
and then up through the work load. The atmosphere 
path is controlled to direct it through the work at optimum 
velocity and with minimum turbulence. When the work 
reaches 300° F. (150° C.) an alarm sounds to inform the 
operator that the work can be unloaded. 

Ipsen Industries, Ltd., 53 Victoria Road, Surbiton, 

Surrey 


Ipsen force-cooled vacuum heat treatment furnace. 
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CURRENT LITERATURE 


Book Notice 


OSZILLOGRAPHISCHE POLAROGRAPHIE 
WECHSELSTROM 
By J. Heyrovsky und R. Kalvoda. pp viii + 198, Akademie- 

Verlag, Berlin 1960, Price DM. 23. 

OscILLOGRAPHIC polarography by means of alternating 
current has been developed almost entirely by Heyrovsky 
and his co-workers in Czechoslovakia. Numerous papers 
have been published but, apart from a small volume by 
Heyrovsky and Forejt in 1953, this is the first book on 
the subject. It provides an authoritative survey on the 
theory and basic principles and collects together most 
of the important published information. The various 
direct and derivative methods of working are described 
and the effects of parameters such as temperature, 
frequency, and capacity of the electrode system are 
considered. The effect of the reversibility of the system 
on the oscillogram obtained is described and kinetic 
phenomena are also discussed. 

A description of the electronic apparatus is given and 
some circuits are described in detail. This section is 
shorter than is desirable in view of the novelty of the 
method. Details of the commercially-available instru- 
ments, known as “ Polaroscopes ” are presented. 

The most widely applied oscillopolarographic method 
is a derivative technique in which dE dt is plotted 
against the potential, Z. This gives rise to an eliptical 
trace on the cathode ray tube screen. The oxidation, or 
reduction, of depolarisers as a result of the applied 
potential cause changes in the slope of the voltage-time 
curve at constant current, and these appear as “‘cuts-in ” 
on the eliptical trace. The position of the “ cut-in ” on 
the voltage axis is characteristic of the species and its 
depth is a measure of concentration. The shape of the 
* cut-in ” and the general dynamic nature of the whole 
trace makes accurate quantitative determinations diffi- 
cult, so that the method is best suited for qualitative 
studies. Semi-quantitative, or even quantitative deter- 
minations are often possible, however, and one of the 
most valuable applications of the method is in the study 
of reversibility of metal complex species and other 
systems. Chapters are devoted to descriptions of 
methods for measuring the © cuts-in,”’ including a number 
of instrumental devices. These include the use of a 
double beam cathode ray tube with a calibrated Y-shift 
on the reference beam and methods of oscillographie and 
comparative titration. 

Important chapters describe the oscillopolarographic 
behaviour of many metallic and other inorganic species, 
many organic substances, and such materials as poisonous 
gases and industrial vapours. This information is 
valuable because the most important application of the 
technique at present is the qualitative, and sometimes 
semi-quantitative characterisation of species, the 
oscillopolarographic behaviour of which is often quite 
different from that observed by classical polarography. 
Many species which do not yield a conventional polaro- 
graphic step may be examined by this method. 

The final chapter deals with newer instrumental 
devices designed to produce a standing wave, instead of 
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the more usual dynamic wave, on the cathode ray tube 
screen. One of these is the use of a synchronised dropping 
mercury electrode. Such developments should lead to 
an improvement in the quantitative results obtainable. 
A bibliography of 172 references is appended. 

This book must be welcomed as an important addition 
to polarographic literature. It must be criticised, 
however, on the grounds that it tends to make the tech- 
nique appear more important and universally applicable 
than is the case at present. It is well written and 
adequately illustrated and a good balance between the 
various topics has been maintained. It should be read 
by all polarographers. It is however, in German and 
its wider appeal to more general analysts, although 
desirable, will probably be limited until the production 
of an English translation. 


Trade Publications 


CAMBRIDGE INSTRUMENT Company's List 143/1 des- 
cribes their recording counters which record the fre- 
quency, clock time, and duration of industrial processes 
or machine operations. The circular charts on which 
this information is traced also indicate, by default, 
periods when the machine or process is shut off. A 
very wide range is manufactured to allow the best 
possible choice for any one application. Single- or multi- 
pen recorders, operated by either mains or battery, are 
available and combined counters and temperature or 
pressure recorders can be supplied. 


We have received from The L. 8. Starrett Co., Ltd., a 
catalogue giving details of the hand and power hacksaw 
blades produced by the company’s modern factory at 
Jedburgh in Scotland. This publication also contains a 
guide to hacksaw blade selection for cutting various types 
of material and a chart designed to indicate the causes of 
trouble in power hacksaw operation. 


Rare Gases, Science, Lypustry,” is the title of a 
profusely illustrated publication issued by Oxyton, Ltd., 
which features a history of the rare gases whose discovery 
eventually led to the formation of a new, large scale 
industry. The use of these gases in illuminating engi- 
neering gives rise to a number of striking and colourful 
illustrations, whilst a section on the efficiency of an inert 
environment deals with their use in a wide range of 
industrial processes. 


Two types of hump-back conveyor furnace are described 
in leaflet RF.7 recently sent to us by Royce Electric 
Furnaces, Ltd. These furnaces are particularly suitable 
for bright heat treatment and brazing where a protective 
atmosphere of hydrogen or cracked-ammonia is used, 
and where it has to be maintained in a high state of 
purity. The heating elements are of heavy gauge nickel- 
chromium wire for temperatures up to 1,000° C. (W type) 
and heavy grade nickel-chromium tape for temperatures 
up to 1,150°C. (T type). The leaflet contains the full 
specification and ratings and sizes of the standard 
units, which range from 10 to 36 kW. 
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Drains to take strong chemical effluents present a 
difficult problem to the civil engineer. In the construc- 
tion of a mile-long 48 in. diameter drain at I.C.L.’s 
Wilton Works, glazed stoneware pipes were used jointed 
with an Araldite epoxy resin. The technique used is 
described in Technical Notes No, 220, issued by CIBA 
(A.R.L.) Ltd., Duxford, Cambridge. 


A NEw leaflet on stud welding attachments is announced 
by Crompton Parkinson, Ltd. This publication illus- 
trates a wide selection of both standard studs and studs 
of special shapes. The choice of studs is virtually 
unlimited and Crompton Parkinson can make welding 
attachments of almost any shape and size to the cus- 
tomer’s own specification. The leaflet also gives a list 
of Crompton Parkinson (Stud Welding) branches, 
overseas licensees and concessionaires. 


‘Hor Dre GaALvANIZING FOR BUILDERS’ 
briefly the properties of hot galvanized coatings. Its 
main function however is to inform architects and 
builders about the suitability of hot galvanizing as a 
modern protective finish for a very wide range of fixtures 
and fittings for buildings. The building industry is 
seeking constantly to improve quality, and the durability 
of hot galvanized windows, with which architects and 
builders will be familiar, should convince them of the 
merits of this low cost finish to protect all other iron and 
steel articles from rust. Copies may be obtained from 
the Hot Dip Galvanizers Association, 34 Berkeley 
Square, London, W.1. 


describes 


PRIMARILY intended as a comprehensive brochure to 
describe the new version of the company’s argon chroma- 
tograph, a new publication from W. G. Pye & Co., Ltd., 
contains details of many techniques which have recently 
been developed in the field of chromatographic analysis. 
Reading through its pages one realises that, in three 
short years, the modern gas-liquid chromatograph has 
established itself as a powerful, and indispensable, tool 
in the hands of research workers in every branch of 
chemical science ; from medicine to the production of 
heavy organic chemicals ; from perfumery to the detec- 
tion of impurities in industrial gases. 


Tue Crusilite heating elements made and marketed by 
Morganite Electro-Heat, Ltd., are of one piece tubular 
section, having a spiral as the hot zone. This avoids the 
necessity for joints between the hot and cold zones and, 
together with a silicon carbide element considerably 
improved in respect of ageing, makes for longer element 
life. A new brochure describes these elements and 
illustrates their application in laboratory and industrial 
high temperature furnaces. The simplest elements have 
a central spiral with electrical connections at the two 
ends, but another type is novel in that the electrical 
connections are both at the same end and is intended 
for applications when it is difficult or impracticable to 
accommodate the conventional element. Copies of the 
brochure may be obtained from the company at Point 
Pleasant, Wandsworth, London S.W.1S. 


ImpaLco Tube-in-Strip, featured in a recent leaflet from 
the Imperial Aluminium Co., Ltd., is a single piece of 
aluminium providing a combination of parallel tubes and 
strip material. During casting of the rolling slab, rods 


of a special inert material are introduced and when the 
slab is rolled, these rods become elongated in the direction 
of rolling. 


The resultant strip contains parallel narrow 


slits filled with the inert material and, by applying 
hydraulic or pnuematic pressure to these slits, they can 
be inflated to form tubular passageways of circular or 
special shape as required. Tube-in-strip, which is 
supplied either coiled or in straight lengths, lends itself 
to heat transfer applications between fluids of differing 
heat transfer characteristics, e.g. liquid and gas. Other 
uses include the production of radiant heating panels by 
inserting heating elements in the tubular passageways. 


Since they are highly resistant to many chemicals and 
to abrasion, Araldite epoxy resins form an excellent 
basis for screeds for flooring. A formulation is now 
available for use with sand, which gives a hard floor with 
exceptional resistance to a wide range of chemicals, 
particularly inorganic acids and alkalis. An attractive 
feature of the floors is that they can often be laid with 
the removal of none or only a little of the existing floor. 
Full particulars are given in an illustrated article which 
forms CIBA Technical Notes No, 222, obtainable from 
CIBA (A.R.L.) Ltd., Duxford, Cambridge. 


A RAPIDLY growing segment of the aluminium fabricating 
and manufacturing industry is that devoted to the 
production of rigid foil containers, which have found 
widespread application in the preparation and marketing 
of food. The June 1961 issue of Aluminium News 
features an article on this development illustrating the 
wide variety of containers which can be made. A 
somewhat more technical article deals with the stitching 
of aluminium sheet, which is a well established and ver- 
satile process applicable to many industries. Aluminium 
News is published by Alcan International, Ltd. 


We have received from the gas cleaning division of 
W. C. Holmes & Co., Ltd., of Turnbridge, Huddersfield, 
a brochure (publication No. 87—Holmes-Elex Elec- 
trical Precipitators), which describes the principles of 
electrical precipitation and also practical application of 
these principles to the many dust control problems 
encountered in a wide variety of industries. In the iron 
and steel industry, such units find application in the 
blast furnace plant, deseaming plant, desiliconisation 
plant, L.D. converters, electric are and induction fur- 
naces, and open hearth furnaces, and are particularly 
valuable where fumes from oxygen lancing are involved. 
In the aluminium industry, electrostatic precipitation is 
used in bauxite calcining kilns and for cleaning the waste 
gases from aluminium reduction furnaces. It can also 
be used for detarring various types of manufactured gas 
and for dust and mist removal in sulphuric acid plants. 
“Tron Castines FoR INpustryY is the title of an 
illustrated booklet prepared with the assistance of the 
British Cast Iron Research Association, and issued by 
the National and Midland Ironfounders’ Association, 
69 Harborne Road, Edgbaston, Birmingham 15. it is 
felt by the Association that in recent times, there has 
been a tendency to use newer and more expensive 
materials when, in fact, cast iron would have fulfilled all 
the requirements necessary at a lower cost. The booklet 
aims at assisting buyers, designers, draughtsmen and 
others concerned in the specification of materials, to 
assess more accurately the merits of iron castings. Fol- 
lowing a section dealing with the structure and mechani- 
cal properties of cast iron, there are others dealing with 
corrosion resistance, machinability, accuracy, long life 
and wear resistance, and a table summarising data on 
grey cast iron 
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Reliable 


and form 

* OCTO ” Brand is the stable firebrick needed 

in exacting situations. It combines very 

high refractoriness with superior resistance 

to corrosive slag attack and to thermal shock 

—characteristics which contribute to its 

outstanding success in reheating furnaces, open- 

hearth regenerator checkers and other high 

temperature zones. 
The Bonnybridge range also 
includes the NOVO brands, ‘ 


devised for the severest 
conditions, CALDER L for steel 


B Oo ¥ | D G ladles, CALDER and BONNYBRIDGE 
BRAND for various furnace 


applications and a number of 
cements and castables such as 
the BONCRETES 


BONNYBRIDGE SILICA & FIRECLAY CO.,LTD. BONNYBRIDGE SCOTLAND 


Telephone : Bonnybridge 227 Telegrams “ Silica” Bonnybridge 
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Wild-Barfield have supplied and are building a number 
of vacuum furnaces for beryllium melting. The toxic 
nature of the material called for the best in the design 
and manufacture of equipment for this application. 
Babcock & Wilcox, Ltd. showed their confidence in 
Wild-Barfield’s ability by ordering the vacuum induction 
furnace shown for their Research Laboratories at 
Renfrew. 

Remember that the experience of Wild-Barfield covers 
the design and manufacture of all types and sizes of 
vacuum furnaces. 
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WILD-BARFIELD ELECTRIC FURNACES LIMITED 
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LABORATORY METHODS 


CHEMICAL - PHYSICAL - METALLOGRAPHIC 
INSTRUMENTS AND MATERIALS 


Vol. LXIV, No. 38! 


The Determination of Sanall 
Quantities of Cobalt in Plain and Alloyed Steels 


By A. E. Sherwood 


Works Chemical Laboratory, The English Electric Co., Ltd., Bradford 


A new method has been developed whereby cobalt contents down to 0 -005%, in plain and alloyed 
steels may be determined spectrophotometrically as the cobaltous chloride complex in strong 
hydrochloric acid after the removal of interfering elements by anion exchange and amyl 


down to 0-005°, in carbon and alloy steels in the 
B.S. 970 series by a simpler and more rapid routine 
method than those in current use. A review of present 
methods, including that of B.L.S.R.A.,' showed that these 
are complicated and suitable for use only by skilled 
personnel. The procedure described herein requires 
only the simplest materials and can be completed in 24 
hours by comparatively unskilled workers, the greater 
part of the time requiring no attention from the analyst. 

Previous work in this laboratory has shown that 
cobalt may be determined spectrophotometrically as 
the complex chloro-anion in strong hydrochloric acid.* 
Such solutions show absorption maxima at 625, 660 and 
685my (Fig. 3) and as little as 5 mg. ml. may be measured 
accurately. It was decided to try to adapt this tech- 
nique for the determination of cobalt in steels. 

The biggest obstacle to overcome was the separation of 
small amounts of cobalt from interfering elements. The 
method of Hague, Maczkowske and Bright® using anion 
exchange to remove cobalt and iron as chloro complexes 
was thought the best possibility, this to be followed by 
the amyl acetate extraction of any residual iron. 


[' became necessary to determine cobalt contents 


Experimental 


Absorption Spectra 
The work of Lindley? established that a strong stable 
colour is obtained with solutions of cobalt in 387-430 g. 


HC! litre. For this work the solvent acid was standard- 
ised at 414g. HCl litre (S.G. = 1-175), which may be 
obtained by the slight dilution of concentrated hydro- 
chloric acid. In this way error is minimised, although 
in this range of acidity the effect of variation in acid 
concentration is very small. It can be seen in Fig. 1 that 
a variation of + 10g. HCl/litre results in a maximum 
error in optical density reading of + 0-01 units. 


Interference from Other Elements 

A consideration of standard specifications for these 
types of steels showed that elements other than iron and 
cobalt likely to be present are : carbon, sulphur, silicon, 
tungsten, niobium, selenium, zirconium, tantalum, 


aluminium, nickel, titanium, vanadium, lead, tin, copper, 
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acetate extraction. 


1-4 


OPTICAL DENSITY 


200 250 300 350 400 450 
ACID CONCENTRATION g. HCI/ litre 
B 660 


Effect of acid concentration with 1 cm. cells and 


Fig. 1. 
0-12 mg. /ml. of cobalt. 


molybdenum, chromium, manganese, cerium and phos- 
phorus. It was decided that the first nine of these 
elements would either be insolubilised or volatilised by 
solution in aqua regia and evaporation to dryness, or 
would have colourless, non-interfering ions. Accord- 
ingly, investigations were concentrated on determin- 
ing the possible interference from iron and the remaining 
eleven elements. 

Standard solutions of these elements, iron and cobalt 
in 1-175 8.G. hydrochloric acid were prepared using the 
metals as such where available, or a compound which 
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PERCENTAGE ERROR AT 625 mp 


20 40 60 80 100 
RATIO OF CONTAMINANT METAL TO COBALT 


Ce'v 
P (o-phosphate) 
Mo"! 
Mn 
Fe"! 


Percentage error due to various contaminant- 
metal cobalt ratios. 


could be converted to the chloride. Orthophosphoric 
acid was used in the case of phosphorus and where 
necessary a nitric acid oxidation was carried out. 
Aliquots of interfering metal solutions were added to a 
measured volume of standard cobalt solution and then 
made up to a standard volume with 1-175 8.G. hydro- 
chloric acid. The optical densities of the mixtures were 
measured at 625, 660 and 685 mp on a Unicam S.P.600 
spectrophotometer using 4cem. cells, 1-175 S.G. 
hydrochloric acid compensating. Fig. 2 shows the errors 
incurred as a result of various interfering-element cobalt 
ratios based on 0-2 mg. cobalt. 

Consideration of the maximum quantities of interfer- 
ing elements likely to be met, and also the quantities 
which would lead to a 5°, error in the cobalt determina- 
tion, led to the conclusion that the main effort should 
be directed towards separating cobalt from iron, nickel, 
chromium, vanadium, titanium and copper. 


Separation of Elements other than Iron from Cobalt 


According to Hague, Maczkowske and _ Bright,* 
elution of a mixed metal solution of a high temperature 
alloy from a strongly basic anion exchange resin column 
(Dowex 1) with 9N hydrochloric acid, will remove all 
metals except cobalt and iron, which are absorbed. 
In their technique, molybdenum and copper are removed 
beforehand by sulphide precipitation. It was thought 
unlikely that molybdenum would be present as a 
serious interference and that copper could be corrected 


for if it were so. It is also stated that 4N hydrochloric 
acid will remove cobalt from the column and leave iron. 

Standard solutions of nickel, chromium, vanadium, 
titanium and cobalt in 9N hydrochloric acid were pre- 
pared. These were placed separately upon a column of 
De Acidite FF ion exchange resin previously prepared 
in 9N hydrochloric acid, and were eluted with acid of this 
strength. Nickel, chromium and cobalt eluates were 
taken to dryness, redissolved in 1-175 8.G. hydrochloric 
acid, and optical densities measured at respective peak 
wavelengths. Vanadium and titanium eluates were 
treated with sulphuric acid and hydrogen peroxide and 
optical densities of the complexes thus formed were also 
measured. Blank measurements were carried out on 
solutions which had not passed through the column. It 
was found that nickel, chromium, titanium and vana- 
dium passed through the column, chromium the least 
rapidly, but cobalt was retained in 9N acid and sub- 
sequently washed out by 4N acid. 

A synthetic alloy mixture containing 0-01°, cobalt 
(0-1 mg.) was dissolved in 9N hydrochloric acid and 
eluted through the column with acid of this strength, 
followed by elution with 4N hydrochloric acid. Lron was 
found in large quantities in the eluate as well as cobalt, 
indicating that the column was probably overloaded 
with iron. 

Amyl Acetate Extraction of Lron 

Since the amount of iron eluted with the cobalt was 
sufficient to give serious error, the amyl acetate extrac- 
tion technique of Wells and Hunter* was used to remove 
it from the 4N acid eluate, and after evaporation and 
re-solution in concentrated hydrochloric acid, the optical 
density reading indicated a cobalt recovery of 95-100°,. 
Even after extraction there was still a small quantity of 
iron remaining, but insufficient to give a serious error. 
Analysis of Synthetic and Standard Alloys 

Using the recommended procedure laid down at the 
end of this paper, various synthetic and standard alloys 
were analysed for cobalt content : the results are shown 
in Table I 
Safeguards and Corrections 

As a result of experience gained in carrying out these 
and other analyses, it was found that the final measured 
solution is invariably green due to the presence of an 
unavoidable small quantity of yellow ferric chloride. 
Since chromium chloride is green, with an absorption 
peak at 650 my, and the presence of only as much of this 
element as there is cobalt leads to a 5°, error, it was 
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thought necessary to ensure without any doubt that its 
presence in the final measured liquid should be detectable 
and correctable. Accordingly, a series of mixtures of 
cobalt and chromium chlorides in 1-175 8.G. hydro- 
chloriec acid were prepared and examined, their spectra 
being plotted over the range 600-700 my. Specimen 
spectra are shown in Fig. 3: it can be seen that there is 
considerable distortion of the cobalt spectra when 
chromium is present, the optical densities at the 660 and 
685 mu peaks tending to equalise. The ratios of the 
optical densities at these two peaks are shown for a 
number of cobalt levels, with and without chromium, in 
Table Il. If there is serious chromium interference, the 
ratio falls below 1-08. 

From Fig. | it can be seen that optical density at the 
three cobalt chloride peaks falls to zero in approximately 
50°, hydrochloric acid. This is not true of chromium 
chloride, nor, in all probability, in the case of the chlorides 
of other elements, although these were not studied. 

The solution mixtures in Table II were each diluted to 
50°, and read again at 625 mp. A correction was then 
applied to the chromium-contaminated reading of optical 
density according to the following equation : 

Corrected density — Density in 1-175) S.G. 
hydrochloric acid — twice 
the density in 50°, hydro- 
chloric acid. 

Cobalt contents associated with the corrected optical 
densities are now much more accurate. Errors as high as 
70°,, due to 10:1 chromium : cobalt are eliminated. 
Results are shown in Table III. 


Recommended Method 
Reagents 
Concentrated hydrochloric acid 
Concentrated nitric acid 
9N hydrochloric acid 
4N hydrochloric acid 
Hydrochloric acid 8.G. 1-175 
Amy! acetate 
De acidite FF (chloride form) ion exchange resin 


Special Apparatus 
Unicam 8.P.600 spectrophotometer with cells ete. 


rABLE Il 
Cobalt Chromium Apparent 
Present Present Cobalt / 
(mg./mil.) (mg./mil.) (mg./mil.) 
1-9 
1-06 
1-05 
1-4 
1-085 
| 0-046 1-07 
og og 


OPTICAL DENSITY 


610 625 640 655 6 7c 68% ? 
WAVE LENGTH m 


0-02 mg. Co/mi. 
0-02 mg. Co/ml. and 0-2 mg. Cr mi. 
0-04 mg. Co/mi. 
0-04 mg. Co/mi. ang 0-2 mg. Cr/mi. 
0-06 mg. Co/mi. 
0-06 mg. Co/mi. and 0-3 mg. Cr/mi. 


Fig. 3. Spectra of cobalt and chromium chlorides in 
1.175 S.G. hydrochloric acid. 


lon exchange columns to take a resin bed 12 in. long 
by ? in. diameter: the type of column and reagent 
feeder in use is shown in Fig. 5. 
Calibration 
Prepare a standard solution of cobaltous chloride by 
dissolving 0-1 g. Matthey Cobalt Sponge JM 870 in the 
minimum amount of concentrated hydrochloric acid and 
dilute to 1,000 ml. in a graduated flask, using distilled or 
deionised water: this solution contains 100 ug. Co ml. 
Take aliquots of this solution, say 1, 3, 5, 7, 9ml., 
pipetted accurately into 50 ml. beakers. Carefully 
evaporate to dryness and redissolve the residues in 
exactly 5 ml. hydrochloric acid 8.G. 1-175 and read on 
the spectrophotometer at 625 mp in Lem. glass cells 
using acid of the same strength as compensator, Plot 
optical density against micrograms cobalt or percentage 


TABLE Ill 
(Cobalt Present (Chromium Present (Corrected Cobalt 

(mg. /mi.) (mg. /mil.) (mg/ml) 
0-02 0-02 
0-02 
0-019 
0-021 
oon 
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I'cm. cells, 1-175 S.G. hydrochloric acid 
compensation. 


chloric acid ; 


cobalt on a 1 g. sample basis. Such a graph is shown in 
Fig. 4. 
Procedure 

Weigh a quantity of finely divided sample into a 
250 ml. beaker. For steels with cobalt content up to 
0-1%, use 1g. sample. If considerably more cobalt is 
expected use 0-1 g. sample. Dissolve in the minimum 
quantity of aqua regia and take almost to dryness, first 
with nitric acid to ensure oxidation of iron, and then 
once or twice with hydrochloric acid to destroy nitrates. 
Take up in 50 ml. 9N hydrochloric acid, warming gently 
if necessary, but do not heat too much or the acid strength 
will be changed. Material remaining undissolved will not 
be cobalt, but the solution should not be filtered as the 
ion exchange column will do this, and at the same time 
the insoluble material will be washed free of absorbed 
cobalt. 

Prepare the ion exchange column by stirring a suitable 
quantity of De acidite FF (chloride form) resin with 
deionised or distilled water. Allow the resin to settle 
and decant the supernatant liquid. Repeat until this 
is clear. Place a glass ball or glass wool in the ion 
exchange tube where it narrows and pour in the resin and 
water slurry, allowing the water to run to waste until a 
12 in. column of resin has been built up. Do not allow 
the water to fall below the resin level. Run about 200 ml. 
9N hydrochloric acid to waste through the column. Pour 
the sample solution onto the column, allowing it to 
run through at the rate of about 3 ml./min. Wash the 
beaker into the column a few times with small quan- 
tities of 9N hydrochloric acid, allowing each addition to 
fall to the resin level before making another. When 


further additions of acid remain colourless at the top of 


the column, arrange a gravity feeder containing more 
9N hydrochloric acid to produce a total flow of about 


50 


600 mil. of acid 
through the column 


- WASHING 
(see Fig. 5). Allow LIQUID 
an acid flow rate of 
3 mi./min. If the 
column is to be left 
it is advisable to 
FLUTINGS 
take precautions 
AIR VENT 
against dry-up of  aesin Bec 
the resin, as shown 
in Fig. 5. Reject the 
CAPILLARY 


9N hydrochloric 
acid eluate and then 
wash the column 
through with 350 ' 
ml. 4N hydrochloric 
acid from a gravity 
feeder, as_ before, 0 
and collect it in a 
600 ml. beaker (elu- 
tion rate again 3 
ml. /min.). 

Evaporate the 4N eluate to dryness, transferring it to a 
1(4) ml. beaker when the bulk is sufficiently low. Allow 
to cool. Re-dissolve by adding 5 ml. cold concentrated 
hydrochloric acid. Transfer the acid solution to a 50 ml. 
separating funnel. Wash the beaker into the funnel four 
or five times using a total of 20 ml. amyl acetate. 
Stopper and shake vigorously for 2-3 minutes. Allow 
to separate and run off the lower acid layer into a clean 
50 ml. beaker and reserve it. Wash the original beaker 
with 1 ml. concentrated hydrochloric acid and transfer 
to the funnel. Shake again for one minute and allow 
to separate. Run off the acid layer into the reserved 
solution and evaporate to dryness very carefully to 
destroy dissolved amyl acetate. Re-dissolve the cooled 
residue in 5 ml. of accurately pipetted hydrochloric acid 
S.G. 1-175. Read the optical density of this solution at 
625, 660 and 685 mp on the spectrophotometer, using 
lem. cells with 1-175 8.G. hydrochloric acid compensa- 
ting. Calculate the ratio dog. /d.g,. If this is less than 
1-08 there may be interfering elements present, and it is 
advisable to dilute the measured liquid and compensator 
to 10 ml. with distilled water. Read the optical density 
at 625 my and calculate : 

(true) ,, (in strong acid) — 2 
Using the true absorption read off the percentage cobalt 
in the sample from the calibration graph. 


GLASS WOOL 


Fig. 5.--Automatic feeder and 
dry-up prevention device. 


d,., (in weak acid). 
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of Research, National Bureau of 


AssocraTeD EvLectricaL INpustTRIEs, Lrp., has received 
an order from West Germany for a Metroflux Type T 
universal magnetic crack detector, to be supplied to 
Klackner Humboldt Deutz, of Cologne, for testing, on a 
production basis, gas turbine aero engine discs up to 
42 in. diameter, with or without blading, and shafts up 
to 6 in. diameter and 84 in. long. 
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New Creep and Stress-to-Rupture Testing Machine’ 
By H. Robson 


Metallurgist-in-Charge, Creep Testing Laboratory, D. Napier & Son Ltd., London. 


To meet the need for large scale creep testing to keep pace with an accelerated production 

programme, engineers at D. Napier & Son, Ltd., designed and built, in only five weeks, 

a machine for testing six specimens simultaneously. An important feature of the equip- 

ment is the central tubular column, which serves as a strain carrying member, a furnace 
support, and a lever fulerum carrying frame. 


HEN D. Napier & Son, Ltd., recently embarked 
\X/ on an accelerated production schedule for 
Eland and Gazelle gas turbine engines, they 
found that some batches of turbine disc forgings were 
not fulfilling the stringent requirements laid down for 
creep resistance. Since the integrity of these units is 
absolutely vital, it was obviously essential to introduce 
100°, creep testing of these parts, until such time as 
experience indicated that a consistent standard could be 
maintained. The only alternative would have been a 
severe curtailment of production until replacement 
forgings could have been obtained. 
The result was that the whole capacity of the Napier 
creep testing research laboratory had to be employed, 


Fig. 1._-General view of the Napier six-specimen creep 
testing unit. 
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and still further testing capacity was needed. Manu- 
facturers of creep testing machines and their ancillary 
equipment could not offer delivery sufficiently soon, and 
it became necessary to consider manufacture of the 
equipment at Napier’s own Acton (London) works. 

Discussions with the millwright’s department indicated 
that suitable facilities were available to fabricate and 
assemble such machines on site, provided that no complex 
forms or shapes were included in the design. 

Simplicity of fabrication and assembly from available 
materials were of prime importance, as also were the 
restrictions imposed by available laboratory floor space 
and the high capital cost of the ancillary temperature 
control instrumentation. The following requirements 
emerged : 

(1) Only quickly and simply manufactured components 

to be used. 

(2) The final testing battery to occupy as little floor 
space as possible. 

(3) Materials to be immediately available (this re- 
striction enforcing certain dimensional limits for 
components). 

(4) Temperature control and strain reading apparatus 
to be quickly available and to be kept to a minimum 
cost commensurate with satisfactory performance. 

Consideration of these factors led the author to revive 
an idea which had been in abeyance for some years as to 
the possibility of having a radial type of machine in 
which all tests would be contained within a single furnace. 
The advantages of this would be that with a single 
furnace only one controller would be required instead of 
one for each test point as in the more conventional multi- 
point equipment. A considerable experience of furnace 
design gave confidence that the necessary conditions for 
temperature distribution and accuracy could be achieved 
in the proposed unit, and the next step was to formulate 
the mechanical and physical configuration. 


Multi-Purpose Central Column 


The study of various methods of construction empha- 
sized the advantages to be gained in limitation of overall 
size if a single central column could be made to perform 
the functions of a strain-carrying member, a furnace 
support and a lever fulcrum carrying frame. This neces- 
sitated operating the column at furnace temperature, 
but its mass within the furnace would assist temperature 
distribution. As some 7in. diameter DTD.306 bar 


® This article first appeared in the January 1961 issue of Metal Progress, journal of 
the American Society for Metals. . 
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stock was available and the maximum required tempera- 
ture envisaged would be only 600° C. it seemed that the 
scheme was practical. Taking into account the necessity 
for the unit to operate under conditions of asymmetric 
loading, it appeared that a tubular column would be 
better than solid bar in resistance to bending and this led 
to the decision to use a tube of 64 in. O.D. with L in. 
thick walls, placed into a state of compression by the use 
of a centrally disposed and axial | in. diameter tensile 
loaded bar, thus forming the most suitable construction 
possible to resist bending. 

The intention to use levers to apply the stresses to the 
test pieces now demanded a decision whether to use 
over-slung or under-slung levers, and since the latter 
would allow the use of the full diameter of the machine 
in providing insulation for the furnace, the underslung 
levers were preferred. Consultation with the millwrights 
regarding the situation of the lever fulcrum knife edges 
resulted in designing the column in two sections, divided 
where it would be best suited to these datum 
points, and made possible the provision of suitable slots 
in the lower section which would take the ends of the 
levers and would also allow for the insertion into the 


+ 


+ 
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upper section of downwards facing knife edges. These 
knife edges could be of cyanide hardened mild steel for 
the male parts, and the levers could have locally hardened 
‘vees for the female parts. 

A rigid circular top plate unit to sit on the top of the 
vertical column, with holes suitably located to line-up 
with the lever fulerums, would allow for the introduction 
of screw jacks coupled to adaptors to provide means of 
mounting the test pieces, which in turn could be coupled 
to the levers. The decision to use levers of a ratio of 
5:1 would allow enough height from floor level to 
accommodate a sufficient number of cast iron weights, 
which were already available, to supply the required 
range of stresses. Suitable micrometer extensometers 
of our own design, capable of reading strain to 0-0033°,, 
on a gauge length of 1-50 in. were already available, and 
electronic transducers capable of greater accuracy were 
in course of development in the laboratory and should 
soon be available for use in place of the micrometers. 

By this time it was possible to prepare a diagrammatic 
sketch (Fig. 2) of the projected machine and such was 
the urgency of the situation that the millwrights began 
the fabrication of some of the parts which could be fitted 
irrespective of the final dimensions 
of the central column. Meanwhile 
dimensioned drawings were  pre- 
pared for a six-point unit. The 
two halves of the central column 
and the positioning of the top 
plate were located by dowel pegs 
in order to determine accurate 
alignment of the straining jacks 
with their respective levers. 

All steel parts were cadmium- 
plated after fabrication, except 
for the central column, which 
was nickel-plated to withstand 
the higher temperature without 
scaling. 


Temperature Control 

The creep testing laboratory 
staff fabricated the furnace, the 
elements being arranged as three 
parallel windings with separate 
terminals at their top ends and a 
common terminal at the bottom. 
This arrangement allowed the use 
of a three phase and neutral 
supply, with each element on a 
separate phase. Two elements 
were fed through slidewire resist- 
ances and the third through a 


1 kW. saturable reactor. The 


temperature control system used 
was that the two slide- wires would 
pass enough power to raise the 
temperature to about 100°C. below 
test temperature and the saturable 


Fig. 2. Diagrammatic sketch 
showing the design features of the 
unit. The main member is a two- 
piece tube held in compression by 
a central tiebar so that it does not 
bend when exposed to test temper- 


at atures up to 600 C. 


to 
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reactor would build up and control the required balance 
of power input. This system, in which the saturable 
reactor is controlled by an electronic relay, which is 
itself actuated by a platinum resistance thermometer 
situated in the furnace, providing smoothly proportional 
non-switching control, has been in use in these laboratories 
for more than seven years, and has proved to be the most 
reliable and efficient means of temperature control yet 
experienced. 

final assembly of the completed machine was accom- 
plished within five weeks of the decision to fabricate it, 
and two weeks were then spent on calibrating the stress- 
ing levers and on proving the temperature gradients 
and distribution. Three thermocouples were attached 
to each test piece and a single sheathed thermocouple 
was placed so that its hot junction was positioned 
midway between two test points and level with the 
midpoint of the test pieces. The maximum error over 
all nineteen thermocouples at 550°C. was found to be 
less than | C., and temperature control over 300 hours 
was to less than 

The Machine in Service 

Creep tests of 2,000 hours have since been carried out 
for comparison purposes, the test pieces all having been 
taken from a common forging, and the total “* scatter ” 


X-Ray Fluorescent 


of results over the six points when tested at similar 
stresses was less than was experienced on six single 
point machines, whilst the mean result was identical 
with a test curried out on a high accuracy machine with 
a test piece of 4-00 in. gauge length. 

At the time of writing, this machine has completed 
over 10,000 hours of creep testing without interruption 
of any kind, with complete satisfaction and, moreover, 
it has been found possible to take off and replace any 
test without shutting down and without any detectable 
effect on adjacent tests. 

An improved model has since been fabricated and 
delivered in three weeks to a satellite factory of the 
company, and it has since performed some hundreds of 
creep tests in a perfectly satisfactory manner. Patents 
cover the machine and various adaptations, such as, 
testing in environmental atmospheres, under cyclic 
stressing conditions, and under combined creep and 
fatigue. 


Acknowledgment 
The designer wishes to express his gratitude to Mr. J. K. 
Wilson, chief metallurgist, and the directors of D. Napier 
& Son, Ltd., for permission to publish this paper, and to 
the millwrights for their co-operation in the manufacture 
of these machines. 


Analysis of Metals 


London Applications Laboratory Established by Solartron 


X-ray spectrum have been well known since 

Moseley’s time (before 1914) but the method 
remained of academic interest until after 1945, when it 
attracted attention on a wider scale, due in no small 
measure to the availability of low-energy counters and 
small high-power X-ray tubes, and the development of 
the necessary electronic techniques for complex counting 
and scaling operations. This renewed interest has 
resulted in the technique passing from the sphere of the 
research laboratory to the realms of industrial analysis. 


4 YHE basic principles of analysis by means of the 


Basic Principles 


The method depends on the fact that when a beam of 
X-rays in the 50 kV. region is directed on to a sample, 
the latter fluoresces and the resulting radiation, which 
consists of softer X-rays, is composed of the characteristic 
radiations from each element present in the sample. As 
X-ray fluorescent radiation is produced by electrons 
deep down near the nucleus it is independent of any 
chemical or valency effects, which are characteristic of 
the outer electron shells. It follows, therefore, that the 
technique can be used to analyse matter in any form of 
chemical compound, but it is particularly suitable for 
alloys. 

The intensity of the characteristic X-radiation from a 
particular element—say copper in brass—is proportional 
to the percentage of the element in the sample. The 


separating of the various energies of fluorescent radiation 
is performed by a spectrometer. The beam of X-rays is 
collimated by blades of thin sheet held parallel, which 
thus define the direction of the beam. 


The beam then 
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strikes a large flat crystal which performs an analogous 
function to the diffraction grating in an optical spectro- 
meter. Each characteristic energy of X-radiation has a 
particular angle (the Bragg angle) at which the crystal 
reflects the particular radiation strongly, whereas at 
other angles the radiation is scattered. Since the 
detector and crystal are rotated (maintaining the correct 
angles so that any reflected radiation will impinge on the 
detector), the detector will record peaks of intensity at 
known angular positions for each element present in the 
sample. For quantitative detection, a scintillation 
counter, proportional counter or Geiger tube is used, the 
fundamental advantage of a counting method lying in 
the fact that digital techniques can be used throughout 
and the resulting analyses can be printed-out directly by 
an electric typewriter. 


The Solartron Instrument 


To meet the need for a fully automatic commercial 
instrument, The Solartron Electronic Group, Ltd., 
introduced the XZ 1030 automatic X-ray fluorescent 
spectrometer after eight years of intensive research and 
developmen:. This instrument is claimed to be unique 
in that two samples are irradiated at the same time, one 
the unknown and the other a reference. In this way, 
X-ray tube variations, temperature effects and similar 
drift phenomena are obviated. Thus the unit needs a 
minimum of calibration or standardising and, although 
it is advisable to run a check sample through at the 
beginning of each shift, no adjustment will normally be 
required. The unknown is compared directly with the 
reference sample of the same alloy, so that only small 
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General view of the Solar- 
ton XZ1030, showing the 
electronic rack on the left. 
On top of the console on 
the right can be seen the 
routine operation controls 
and the pointer. The X- 
ray generator and main 
regulator are not shown. 
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departures are measured. This leads to linear calibration 
tables and increased accuracy. 

In using the instrument for continuous scanning a 
graphical record is produced showing qualitatively and 
quantitatively which elements are present. Alterna- 
tively, the equipment can be arranged to give a con- 
tinuous analysis of a given element and to provide a 
correction or alarm signal if the amount varies outside 
specified limits. The most common requirement, 
however, is for accurate quantitative analysis, and for 
this purpose the programmed counting method is used. 
The spectrometer is programmed to take up a series of 
positions—up to twenty-four in number—at which the 
peaks of the various elements concerned are known to be 
located. These angles are set up on a series of dials and 
can be simply altered to suit the analysis. The spectro- 
meter locates each angle in turn, to an accuracy of 

4 minute of arc, measures the number of counts, and 
prints-out the result opposite the appropriate channel 
number. This programming is completely flexible, 
channels being set up and switched in and out of the 
programme at will. The appropriate programme for 
diverse selection of completely different analyses can be 
fed into the spectrometer by a simple punched card. 


Scope of the Instrument 

Specimens should have a surface area of }—1 sq. in. and 
no lengthy surface preparation is necessary. The speed 
of operation depends largely on the accuracy required, 
the longer the time on a given channel the greater the 
accuracy. In the analysis of a particular alloy the 
percentage accuracy of minor element contents may not 
be required to the same high degree as that of major 
constituents, and the time for the former can be made 
shorter in setting the programme, thus reducing the 
overall time. 0-3°%, of a 50°, content element and 0-01°% 
of a 1°, content are quite common and usually take less 
than 10 seconds; repositioning the crystal and the 
counters takes less than 5 seconds. 

The Type XZ 1030 is capable of detecting and deter- 
mining all elements down to and including atomic 
number 12 (magnesium) and is particularly valuable in 
the concentration range from 0-1°, to 100°, in contrast 
to the optical spectrometer, which deals best with 
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contents from 0-0005°, to 5°, of most elements in the 
periodic table. Compositions above cannot 
generally be tackled by optical methods, whereas it is 
these regions that are most favoured by X-ray 
spectrometry. 

Copper-base alloys provide an ideal example of the 
instruments capabilities, and a complex brass containing 
copper, zinc, lead, nickel, manganese, iron and alumi- 
nium can be analysed in a matter of a few minutes with 
accuracies exceeding routine chemical work. Again, 
high alloy steels can be rapidly analysed with an accuracy 
on nickel and chromium contents surpassing other 
methods. 


Applications Laboratory 


Solartron have set up at the London headquarters of 
the Firth-Cleveland group—Stornoway House, Cleveland 
Row, St. James’s, London, 8.W.1.—an applications 
laboratory aimed at providing a threefold service to 
industry which will be useful to potential customers as 
well as existing users. 

In the first place the laboratory facilitates the demon- 
stration of the instrument to potential users and enables 
a full explanation of its capabilities to be given. 

The second part of the service concerns short-term 
applications work on customers’ samples, thus examining 
the potential of the instrument performing the exact 
task required by the customer. 

Finally, the laboratory's work is concerned with long- 
term applications which will be of more general interest. 
This involves the development of special techniques such 
as sample preparation, solution work, rapid methods 
where time is at a premium, ete. Each problem is 
worked out in detail and the customer is supplied with 
a set of working curves. A demonstration run-through 
on his own premises may also be arranged. 


A contract to the value of approximately £1} million 
has been signed by the Loewy Engineering Co., Ltd., and 
DIA Maschinen-Export of the German Democratic 
Republic (East Germany) for the supply of extensive 
installations for the hot and cold rolling of aluminium 
strip and foil. 
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There's big savings in terms of dependability 


and easy maintenance when Franklin are called 
in on that furnace installation. Long experience 
in the supply of standard, and the design of 
special furnaces mean the snags are quickly 
ironed out. Furnaces fired by ‘Dine’ Burners 
give easy maintenance and fuel economy, that’s 
why more and more well-known Companies are 
now counted as customers. 

Our team of experts would welcome the chance 
to look into your furnace problems. 


A section of a Special Gas fired f \ | 
Mould Heating furnace at Deritend ; 
Precision Casting Lid. 


MANUFACTURERS OF INDUSTRIAL 
FURNACES AND OIL BURNING 
EQUIPMENT FOR ALL PURPOSES 


FRANKLIN FURNACE CO. LTD., BAKER STREET, SPARKHILL, BIRMINGHAM I!1, ENGLAND 


SINTERING and BRAZING 
FURNACES LTD 


Head Office: 124a-130 EDINBURGH AVENUE, TRADING 
ESTATE, SLOUGH, BUCKS. Tel : SLOUGH 21143 & 24746 


Telegraphic address : SINTBRAZ SLOUGH 


@ ILLUSTRATION SHOWS A THREE ZONE 4” TUBULAR 

POWDER REDUCTION FURNACE WITH AUTOMATIC ENTRY AND 

EX'T DOOR GAS FLUSHING VALVES AND AUTOMATIC TEMPERATURE 

CONTROL EQUIPMENT. TEMPERATURE RANGE 1000°C. USING LOW VOLTAGE HEAVY DUTY ELEMENT WINDINGS. 


Works: 183 LIVERPOOL ROAD, TRADING ESTATE, SLOUGH, BUCKS. 
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FURNACES 


for 


Forging 


Annealing 


Carburising 

Mould Heating 
Metal Melting 
Metal Holding 


Other products include :-— 
Gas Plant, Heat Exchangers 
High Velocity Oil and Gas 
Burners 


18” 3” Recuperative 
Gas Fired 
Slot Force Furnace 


INDUSTRIAL FURNACES LTD. 
KINGSWINFORD STAFFS ENGLAND a 


MECHANICAL WORLD YEAR BOOK 
for 1961 


Whilst the use of standard measuring instruments and gauges r ins ¢ practice in production engineering, impor- 
tant advances have been made in recent years and the time seems opportune for putting the now numerous methods into 
a reference framework, as it were, so that their scope and relationship may be readily appreciated. Accordingly in this 
edition of the MECHANICAL WORLD YEAR BOOK we present a series of tables and notes summarising under specific 
headings the available methods for direct and comparative measurement. 


360 pages ILLUSTRATED 5/- NET (by post 5/9) ; 


BRIEF OUTLINE OF CONTENTS 


PRECISION MEASUREMENT Boiler Mountings, nanan, and Instruments . Logarithms . 
Press Work . . ‘ Trigonometrical ratios 

The Use of Cold-formed Sections in Structural Design Toothed Gearing ; . . Decimal Equivalents of £1 
The Design of Gas Turbine Plants . Production of Gears : : Metric and British Conversion Tables ay a 
Engineering Materials British Weights and Measures . 
Ferrous Alloys TABLES Equivalents of Imperial and "Metric Weights and 3: ee 
Non-Ferrous Alloys ; Measures 
Bearing Metals Steam and Thermometric Tables Hydraulic Equivalents 
Heat Treatment Pipes and Tubes . ° Displacement Table . 
Hardness Testing Standard Gauges ; : Pressure and Head of Water . 
The Light Alloys Screw Threads : Weight and Specific Gravity of Miscellaneous Solids 
Die-casting Cutting Speeds and Feeds Broken Coal in Bulk . 
Plastics Tapers ‘ Brassfounders’ Metal Mixtures. 
A Review of Progress in the Steam Cycle and the Tolerances and Fits : Babbitt Metal 

Performance of Steam Turbine Plants V-ropes, Ropes, Belts and Keys Selected British Standards relating to Mechanical caer 
Metal Finishing Strength and Properties of Plates, Bars, Sections, etc. Engineering sae 
Horse-power per 100 ft. of Horizontal Conveyor Physical Properties of Materials Calendar for 1961 . . ‘ . F 
Lubricating Oils Weight Calculating Tables Export Credit Guarantee Dept. 
Machine Tools Decimal! Equivalents Classified Buyers’ ; 
Pumps : Their Choice and Radius (Corner) Area index to Tables . 
Steam Boilers. Price Equivalents General Index 


Copies may be ordered now through any y bookseller or direct from the Publishers, 
EMMOTT & CO. LTD., 31 King Street West, Manchester 3; and 158 Temple Chambers, Temple Avenue, London, E.C.4 
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CUT CUTTING OIL 
HOW? By using che 


job... an 
mendation. 


FACT FOR THOUGHT... 


please 


If you would like to know more, 
write for Brochure and 


COSTS ! 


aper oils? 
NO! 


True economy results only from 
using the most suitable oil for the 


Edgar Vaughan recom- 
We are the acknow- 


ledged Specialists in this field and 
offer over 60 years’ experience. 


Well over 50°, of the oils, greases, 
and lubricants in use on Machine 
Tools exhibited at the 1960 Machine | 
Tool Exhibition, Olympia, London, | 
were supplied by us. 


rec 


Works and depots at : 


In associotion with the Houghton 
the world 


Birmingham, 
Manchester, Liverpool, Bristol, Glasgow 


Vaughan 


LEGGE STREET, BIRMINGHAM, 4 


London (Southall), 


group of companies all over 


BLACKWELLS 
FOR ALLOYS 


SILICON e MANGANESE e ALUMINIUM 
NICKEL NICKEL ALUMINIUM BORON 
TITANIUM CHROMIUM RUTILE COPPER 


Since 1869 Blackwells have been recognised 
pioneers in Metallurgical development. 


Their Technical Advisory service is unique, 
and your enquiries on your particular problems 
are invited. Get in touch today with :— 


BLACKWELLS METALLURGICAL WORKS LTD. 


Thermeta!l House, Garston, Liverpool If 
Garston 5981/3 "Grams: Blackwell,"’ Liverpool 


Telex: 62520 


: 


FOR ALL TYPES OF 


HEAT TREATMENT 


CONSULT 
ABBEY HEAT TREATMENTS LTD. 


(A.LD., Min. of Supply and other Geve. Depts.) 


PLAZA WORKS, MERTON HIGH STREET 
LONDON, S.W.19 
Phone: CHErrywood 2291/2 
We collect and deliver in the London area 


A.R.B., D.G.1., APPROVED 


BRIGHT ANNEALING * BRIGHT HARDENING 
Steel & Copper Pressings, Bolts, Bolts, Springs, and also 
Strip and large components up to 4ft. large components up to 3ft. 


CASE HARDENING S LIGHT ALLOYS 
up to 4ft. 6in. 
Gas Carburizing, Carbo-nitriding, Solution and Precipitation 
High Frequency, |OkVA up to 10ft. 
Selected controlled atmospheres for all purposes 


LABORATORY SUPERVISION - LOCAL DELIVERIES 


ELECTRO HEAT TREATMENTS LTD., 
Bull Lane, WEST BROMWICH, Staffs. 
Telephone No, Wes. 0584 - 0756. 
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Trub Tauber 


electron diffractograph 


for determining the crystalline structure of surfaces, thin layers, and 


extremely small quantities of material—for microbeam electron diffraction 
and kinematic electron diffraction by the Boettcher method. 


#* Balanced optical system 

# High resolving power 

* Efficient vacuum system 

Kinematic recorder 

% Large range of specimen holders for 
various methods of investigation 


other equipment includes ELECTRON EMISSION MICROSCOPE 


#* Devices for heating and cooling the 
test specimens 

# Devices for discharging, etching, surface 
evaporation 

# Various cameras for photographic re- 
cording on plates and films 


+ ELECTRON MICROSCOPE 


NUCLEAR MAGNETIC RESONANCE SPECTROGRAPH - ELECTRON RESONANCE SPECTROGRAPH - DOUBLE 


BEAM, HIGH TENSION OSCILLOGRAPH - QUADRUPLE BEAM HIGH TENSION OSCILLOGRAPH 


Sole agents in Great Britain 


H. Tinsley & Co. Ltd. 


Werndee Hall, South Norwood, S.E.25 Tel: ADDiscombe 6046-8 


MECHANICAL WORLD 


FLOWSHEETS 


OF INDUSTRIAL PROCESSES 


252 Flowsheets are now available printed on strong paper and issued in folders in sets of twelve as listed below. They are 
invaluable for getting a quick grasp of the plant, processes and methods and industry employs, and as a basis for planning 


innumerable activities. 


Each series of twelve Flowsheets 6/- post free. Single copies | /- each, post free. 


Series 7 

73. Dry Battery Manufacture; 74. Con- 
tinuous Steel Strip Manufacture (1); 75. 
Continuous Steel Strip Manufacture (Il) ; 
76. Cotton Manufacture (1) ; 77. Cotton 
Manufacture (ll); 78. Refractory Materi- 
als; 79. Flax Preparation and Linen 
Manufacture (1) ; 80. Flax Preparation and 
Linen Manufacture (Il); 81. Rayon Manu- 
facture (I) ; 82. Rayon Manufacture (Il) ; 83. 
Cellulose Acetate Silk; 64. Staple Fibre and 
Staple Fibre Yarn Manufacture. 


Series 8 

85. Tungsten Production ; 86. Hot and Cold 
Galvanising ; 87. Sherardising Process ; 88. 
Woollen Manufacture (1): 89. Woollen 
Manufacture (Il); 90. Alloy Steels Manu- 
facture ; 91. Rubber Manufacture ; 92. Nitric 
Acid Manufacture ; 93. Ferrous Foundry 
Sand Treatment and Processing ; 94. Photo- 
graphic Dry-plate Manufacture ; 95. Plaster 
Wall Board Manufacture ; 96. Alkali Manu- 
facture, Soda-Ash, Caustic Soda, etc., 
Ammonia-Soda Process. 


Series 9 


97. Carbon Electrode Manufacture; 98. 
Hot Tinning Iron and Steel Articles; 99. 
100. Alkali Manufacture, 
Caustic Soda and By-products ; Electrolytic 
101. Cellulose Film Manufacture ; 
102. Worsted Manufacture (I) ; 103. Worsted 


Electro-Plating ; 
Process ; 


Manufacture (Il) ; 104. Gramophone Record 
Manufacture ; 105. Pigments and Paint 
Manufacture (1) ; 106. Pigments and Paint 
Manufacture (Il) ; 107. Hot Tinning Copper 
and Copper Alloys ; 108. Calcium Carbide 
Manufacturing and Acetylene. 
Series 10 

109. Synthetic Rubber; 110. Metal 
Spraying ; 111. Molybdenum Ore Dressing ; 
112. Industrial Alcohol Manufacture ; 113. 
Superphosphate Manufacture: 114 Brass 
Sheet and Strip Manufacture ; 115 Celluloid 
Manufacture ; 116. Wood Cellulose Manu- 
facture (Sulphite Pulp) ; Wood Charcoal 
and Distillation Products; 118. Cotton 
Cellulose Manufacture; 119. Asbestos 
(Extraction and Preparation) ; 120. Bone 
Manure Manufacture, Bone Dust and Bone 
Superphosphate. 


Obtainable now from: 


Series 

121. Glycerine Manufacture ; 122 
Hydrogenation of Oils into Edible Fats ; 
123. Crude Petroleum Distillation ; 124. Coal 
Briquetting ; 125. Manufacture of Magnesia 
(Sea Water Process); 127. Magnesium 
Manufacture (Electrolytic Process); 128. 
Briquetting Steel and Non-Ferrous Swarf ; 
129. Oxygen and Hydrogen Production ; 
130. Oil Varnish Manufacture ; 131. Linseed 
Oil Manufacture ; 132 Animal Feedingstuffs 
Manufacture. 


Series 12 
133. Diamond Die Manufacture; 134. 
Plywood Manufacture ; 135. Aerated Bever- 
age Manufacture ; 136. Felt Hat Manufacture ; 
137. Shellac Manufacture ; 138. Synthetic 
Sapphire Bearing Manufacture ; 139. Crude 
Lactose and Whey Powder Manufacture ; 
140. Abrasive and Grinding Wheel Manu- 
facture ; 141. Reclaimed Rubber Manufacture 
(Alkali Process) ; 142. Continuous Filament 
Glass Yarn Manufacture ; 143. Dehydration 
of Meat ; 144. Dehydration of Vegetables. 


EMMOTT & CO. LTD., 3! King Street West, Manchester 3 and 158 Temple Chambers, Temple Avenue, London E.C.4 
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H. C. COPPER BUSBARS 


Drawn finish up to 3” square or to 10° wide = 1!” thick; hard rolled up to 
12” x 3” « 16° 0° long. Extra heavy machined bars to customers’ requirements. 
Tubular and laminated busbars. j 


Pre-assembly work on copper busba 
: a Facilities are available in our Works for bending, sawing, 
drilling, slotting, and tinning to customers’ requirements. 


THOMAS 
BOLTON 
& SONS LTD 


Head Office: 
Mersey Copper Works, 
Widnes, Lancashire 
Telephone: Widnes 2022 


London Office and Export Sales 
Department: 
168 Regent Street, W.! 
Telephone: Regent 6427 
Cables: Wiredrawn, London 


(Above) 

Cathode bar, H. C. copper, 14’ 
24” long x 8” x 8”, machined taper 
from 8” to 3” for distances of 7’ 
6” and 5’ |” from each end respec- 
tively, drilled with eleven 43” diameter 
holes and | 2 elongated holes. 


(Right) 
Anode bar, H. C. copper, 
14’ 53” long x 8” x §” 
drilled with holes +4” 

diameter. 


COMBUSTOR OPERATION 


The stable toroidal flow pattern ensures cool 
refractory walls and highly pre-heated combustion 
air. The unusually high temperature prevailing 

in the pre-heated air/oil flame gives completely 
smoke-free, neutral or controlled oxidising products, 
very near theoretical temperature. 


PRE-COMBUSTORS OIL GASIFICATION 

* High temperature Exceptionally fine atomisation combined with ol ASIFI 
with exceptional! highly turbulent mixing and intense radiation . L GASIFIERS 
turn-down Absolute control 

provides a range of hot producer gases to choice, of furnace atmosphere 

* High or low excess air suitable for ducting to furnace ports. 

6 * Soft, lazy radiant flames 
Atmosphere control by or completely 
recirculation AUTOMATIC CONTROL combusted products 

# Suppression of SO, Fully automatic control can be based * Any grade of fuel oll or 
formation on temperature, on atmosphere or on both. Burner coal tar fuel 

* Complete absence of systems have press-button ignition and there is * Instantaneous response 


smoke and smut a flame failure control on each burner. * Continuous operation 


APPLICATIONS INCLUDE: melting and Re-heating Furnaces, Annealing Ovens, Core Stoves, Brick Driers etc. 
and the Auxiliary Firing of Waste Heat Boilers. 


For full detai!s write 


UR UHART’S 1 996 LIMITED 5 Wadsworth Road - Perivale - Middlesex: Perivale 9511-6 
Albion Dockyard - Bristol 1 - Bristol 26221-3 
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“Mechanical World’ MONOGRAPHS 


“VORTEX” Ladle Dryers 


—Chosen by 
Messrs. GUEST KEEN IRON & STEEL Co. Ltd. 


For drying and pre-heating their 30-ton ladles in the new 
Ingot Mould Foundry at Dowlais. For safe and efficient 
ladle drying, ‘* Vortex ’’ gas fired equipment can always be 
relied on to give best results—a statement that is empha- 
sised by the fact that there are more ‘‘ Vortex” Ladle 
Dryers in operation than any other make. 


Write to us today for technical information: 


MODERN FURNACES 


and STOVES LIMITED 


BOOTH STREET, BIRMINGHAM 21. 


Builders of 


FURNACES 


phone: SMEthwick 1591-2 grams: Mofustolim, B’ham 21 


Title 


Chart Aids to Management 

The Calculation of Convective Heat Flow 

Checking Spur Gear Teeth 

Gas Charts for Steam Boilers 

Brazing 

Fire Engineering Hydraulics 

Industrial Electrical Instruments 

The Drying of Small Articles 

A Cost Finding Chart for Industry 

The Reynolds Number 

Installation and care of Electrical Power 
ant 

Engineering Radiography 

Time Study in the Light Industry 

Starting a New Industry 

Costing in the Engineering Industry 

Factory Management 

Plastics in Industry 

Cubicles and Controlled Desks 

Infra Red Heating 

Engineering Statistics 

Unit Heaters 

The Measurement of Fluid Pressure 

A Practical Application of Standard Costs 

Locomotive Wheel Balancing 

Speed Control of Electric Motors 


EMMOTT & CO. LTD. 


Manchester : 31 King Street West, Manchester 3 


No Title Net By 
Price Post 
46 Heat Convection from Finned Tubes 26 28 
47 Asbestos: Its Preparation and Application 2/6 28 
48 Flow-Line Planning in Factory Lay-out 20 22 
49 Alloy Steels: Their Properties and Industrial 
Application 26 28 
SO Aluminium and Its Alloys 26 28 
51 Ball and Roller Bearings. 46 49 
§2 An Outline of Advertising for Engineers 20 2/2 5 
53 Industrial Grinding and Reduction Plant .. 3/0 32 sated 
S4 Practical Management and Works Re- a 
lations ‘ 36 38 
55 Factory Canteens: Their Planning and 
Equipment , 26 28 
56 Helical Springs 26 28 
57 The Machining and Manipulation of Stain- 
less Steels 36 38 
59 The Surface Area and Volume of Dished 
Ends . 26 28 
61 Cams and Springs for Poppet Valves 26 28 
62 Relaxation of Constraints and Moment 
Distribution 30 3/2 
63 Work Study and Incentives 40 42 
64 Electroplating and The Engineer 4/0 4/2 
65 Productivity and Probability $0 $/2 
66 Steam Trap Maintenance 26 28 
67 Choosing Electric Cables 36 38 


London : 158 Temple Chambers, Temple Avenue, London E.C.4 
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26 28 
3 20 2/2 
5 10 12 
6 10 12 
9 20 2/2 
il 10 12 
. 13 16 18 
14 10 12 
18 26 2/8 
20 10 1/2 
; 23 
3/6 38 
26 2/6 28 
27 26 28 
28 26 2/8 
: 29 26 
M 36 38 
3s 26 28 
26 28 
37 26 28 
20 2/2 
40 16 18 
: 42 20 2/2 
43 26 2/8 
44 20 2/2 
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offer opportunities 
in Chemistry 


Our expanding Chemical Department is looking 
for the right man, or woman, to fill the following 


a A Chemist or Metallurgist to take complete charge 


of a new plating facility responsible for surface 
finishing control and development. He will be 
required to evaluate new methods and materials, 
develop processes peculiar to the semiconductor 
industry (e.g. Gallium plating) keep processes 
running and superintend trouble-shooting. 
Preferably, candidates should have qualifications 
equivalent to B.Sc., A.R.LC. or A.1.M., though 
H.N.C. Chemistry, combined with considerable 
experience will be considered. Ref. 143/C.180M. 


An Assistant Chemist for analytical work of a 
high standard including investigations into 
chemical problems. 

This post calls for a new graduate, G.R.IL.C. or a 
man with H.N.C. Ref. 144/C.180M. 


Cc A Chemical Laboratory Technician for work 


similar to (b), the main sphere of duty being the 
checking of supplies. 

Candidates should have O.N.C. (Chemistry) 

or ‘A° level Chemistry with some industrial 
experience. Ref. 145/C.180M. 


All of these positions carry membership of non- 
contributory Pension, Life Insurance and Hospital 
Schemes. 

Please apply in writing giving a summary of training 
and experience to date, quoting the appropriate 
reference number, to : 


The Personnel Manager 


TEXAS INSTRUMENTS 


LiMITED 
Manton Lane, Bedford 
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ASSIFIED ADVERTISEMENTS 


SITUATIO NS VACANT continued 


COLLEGE OF ADVANCED 
TECHNOLOGY 
Birmingham 


Department of Metallurgy 


ipplications are invited for the following posts 


RESEARCH FELLOWS 


AND 
RESEARCH 
ASSISTANTS 


in the field of Physical or Industrial 
Metallurgy 


(Candidates for Research Fellowships must either have 
shown exceptional promise in research in science or 
technology, or in industrial experience relevant to the 
proposed subject for research They should possess « 
good first degree, and a higher degree gained as the 
result of research work ; or possess «a college associate 
ship, or Diploma in Technology or appropriate profes 
sional qualification followed by exceptionally valuable 
snd interesting industrial experience, or appropriate 
research work in industry, research associations oF 
government establishments, (Candidates should 
mit their own research proposals for consideration 
The appointment will be normally tenable for three 
hut not more than four years 


Candidates for Research Assistantships should possess 
) Diploma in Technology, a university degree or 
equivalent qualification The research work carried 
out may normally be submitted for a higher degree or 
other appropriate alternative higher qualificatiot The 
appointment will normally be tenable for two years but 
may be renewed for net more than one further vear 


Salary Scales 
RESEARCH FELLOWS: 
£1,150 with training and graduate 
sllowances where appli 
details can be given » of 
the applicant's biographical data As 
on indication, it may be noted that an 
applicant with a 
or a Ph.D. gainer 
vears’ approved full-time study would 
have a starting salary of about £955 
RESEARCH ASSISTANTS : 


Further particulars and forms of application from the 
Bursar, College of Advanced Technology, Goata Ureen 
Birmingham, 4 ipplications to he received within 14 
days of this advertisement. I'lease quote S61 


K. R. PILLING, 
Clerk to the Governors 


FOUNDRY METALLURGIST experi 

enced foundry metallurgist required 
by a firm of foundry consultants. A sound 
knowledge of melting practice and the 
metallurgy of cast iron is essential. 
Applicant will be required to travel in 
Britain and the Continent. This post 
offers a wide scope of advancement and a 
good salary for a man with energy and 
initiative. Age preferably more than 30 
years. Please apply to The International 
Meehanite Metal Co., Ltd., 4 Downside, 
Epsom, Surrey. 


HEAT TREATMENT 


CONSULT 
J. M. HARGREAVE & Co. LTD. 


CENTRAL AVENUE, WEST MOLESEY, 
SURREY. 


MOLESEY 2216. 


° 
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SITUATIONS VACANT—continued 


ENGLISH ELECTRIC VALVE CO. LTD. 
CHEMICAL ENGINEER 


The company wishes to engage a chemical engineer to work on process 
problems encountered in the manufacture of specialised electronic valves. 


Applicants should have had several years of industrial experience with 
appropriate academic qualification and be within the age range 30-45. 
ence in the valve industry whilst desirable is not essential. 
plating processes would be an advantage. 


Apply to Mr. G. M. Smith, Dept. G.P.S., English Electric House, Strand, 
London, W.C.2, quoting reference number M1514M. 


Experi- 
Knowledge of 


ATOMIC ENERGY RESEARCH 
ESTABLISHMENT, HARWELL 
REQUIRE A 
PHYSICAL CHEMIST 
with a good honours degree to join a small 
team employing tracer techniques to 
investigate electrode processes, parti- 
cularly the electrodeposition of metals. 
After a short time with the team the man 
appointed will be expected to initiate and 
to conduct research using radiotracers for 
studies in surface chemistry. He should 
also be prepared to work on corrosion 


problems and physical metallurgy. An 
interest in solid state chemistry or 
electrochemistry would be particularly 


valuable, and some experience in photo- 
micrography, metallography, or X-ray 
diffraction would be helpful, although not 
essential. 

SALARY 


According to experience, in che scales ; 
Senior Scientific Officer, £1,440—-£1,770 p.a. 
Scientific Officer, £790-£1,310 p.a. 
Housing and contributory superannuation 

schemes. 

Send post carp for details to: 

Personnel Manager (1921 /126), 


U.K.A.E.A., A.E.R.E., 
HARWELL, DIDCOT, BERKS. 


TECHNICAL SALES 
FERRO ALLOYS 
The LONDON AND SCANDINAVIAN 
METALLURGICAL CO... LTD., has 
need of additional Technical Sales Staff 
in Sheffield. 
Applications are invited from ambitious 


men in the 25-35 age group, having 
metallurgical training and _ steelworks 


experience, 

After a suitable period of familiarisation 
with the Company, its works and manu- 
factures, the successful applicant will be 
required to visit steelworks and foundries 
in various parts of the United Kingdom in 
a Technical Sales capacity. He will be 
expected to expand the sales of the 
Company's established products and to 
promote interest in new developments. 
A car will be provided. 

This is a responsible and interesting 
post with excellent prospects. A good 
salary will be paid and a Pension Scheme 
18 In Operation. 

Please apply in writing, giving age. 
details of career to date and any other 
relevant information, in strict confidence, 
to: 

LONDON AND SCANDINAVIAN 

METALLURGICAL CO., LTD., 

22 HIGH STREET, SHEFFIELD, | 


marked ‘ Technical Sales.” 
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AUSTRALIA 


THE UNIVERSITY OF NEW SOUTH 
WALES 


LECTURER 
SCHOOL OF METALLURGY 


The University of New South Wales 
wishes to appoint a Lecturer to the staff 
of the School of Metallurgy ‘ 

The successful applicant will work in 
the fields of physical metallurgy or metal 
physics, and should preferably have had 
formal training and post-graduate experi- 
ence in the physics of the solid state. 

Applicants for this position should have 
an honours degree or equivalent qualifica- 


| tions in metallurgy or physics. 


Salary : £A1,772 range £A2,477 p.a. 

Commencing salary is determined by 
qualifications and experience. 

After passing a medical examination, 


| the successful applicant will be eligible to 


join the State superannuation scheme. He 
will be eligible, after six years of service, 


for twelve months’ study leave on full 
salary. 

The University will pay travel expenses 
for the appointee and his dependent 


| family and will meet reasonable removal 


expenses for furniture and effects. With 
the approval of the University and its 
bankers, married men may be assisted by 
loans to purchase a home. 

Inquiries about the School of Metal- 
lurgy may be addressed to the Head of 
the School, Professor KR. H. Myers. 


Four copies of applications including 


the names of two referees should be 
lodged with the Agent-General for New 
South Wales, 56-57 Strand, London, 


W.C.2, and a copy forwarded by airmail 
to the Appointments Section, Box 1, Post 
Office, Kensington, N.S.W. 


JAMES BOOTH ALUMINIUM LTD. 


require a 
SKILLED CHEMIST 
(Aged 23 to 25) 


To establish good techniques in chemical 
and spectrochemical analysis of aluminium 
alloys. An adequate chemical background 
is essential. 

Application stating age, name and 
experience should be made to the Per- 


| sonnel Manager, James Booth Aluminium, 


Ltd., Kitts Green, Birmingham, 33. 


CLASSIFIED ADVERTISEMENTS 


continued 


SITUATIONS VACANT 


"OUNG METALLURGIST H.N.C. stan 
dard, approximately 25 years of age, 
required for important and responsible 
position in the wire stores of a progressive 
company of wire and wire product manu 
facturers in the Sheftield area. Previous 
supervisory experience not essential but 
the successful applicant must be indus- 
trious and possess initiative. Applications 
giving age and full details of previous 
experience to Box No. MI113, ~ Metal 
lurgia,”’ 31 King St. West, Manchester 3. 


EDUCATION 


MIDDLESEX 
COUNTY COUNCIL 


Education Committee 


Brunel College of Technology, 

Woodlands Avenue, Acton, W.3. 
Principal : 

Dr. J. Topping, M.Se., D.1.C., 


GILLETTE RESEARCH 
STUDENTSHIP 

APPLICATIONS are invited for the 
GILLETTE RESEARCH STUDENT- 
SHIP, tenable for one year in first in- 
stance, but renewable subject to satis- 
factory progress for a further year. 
Value of the Studentship, £500 per annum. 
The holder of the Studentship will work 
under the direction of the Head of Depart- 
ment on a problem in the field of either 

mechanical engineering or metallurgy. 
Candidates should hold a Diploma in 
Technology or a University degree with 
First or Second Class Honours, preferably 
in Mechanical Engineering or Metallurgy. 
Duties to commence on the Ist Septem. 

ber, 1961, or as soon after as possible. 
Further particulars may be obtained 
from the Registrar, Brunel College of 
Technology, and completed applications 
should be returned within 14 days of the 

appearance of this advertisement. 

C. E. GURR, M.Se., Ph.D. 
Chief Education Officer 


F.Inst.P. 


M.P.A. FOR SALE 


SURPLUS TESTING MACHINERY in 

excellent condition. Tensile, impact, 
creep, crack detection, low temperature, 
ete. Enquiries to L. Solloman, Ltd., 1, 
Beaufort Street, Manchester. Telephone 
BLAckfriars 4571. 


SURPLUS ELECTRIC HEAT-TREAT 
“ MENT FURNACES in excellent con 
Salt baths to 1,400° C. and high 
frequency units—various up to 25 kW.., 
ete. Enquiries to L. Solloman, Ltd., 
1, Beaufort Street, Manchester. Tele 
phone BLAckfriars 4571. 


dition. 


METALLOGRAPHIC 
MOUNTING MEDIUM 


.H.P. Mounting Plastic, a cold-curing 

acrylic resin, permits the rapid mount- 
ing of metallographic specimens without 
the aid of heat or pressure. 

It calls for the minimum of equipment 
and skilled attention and yet gives a 
close, tight mount, capable of a high 
degree of edge preparation. 

Used routinely by many leading manu 
facturers. Full details on request to the 
makers: NORTH HILL PLASTICS, LTD., 
MANLEY COURT, LONDON, N.16. 


METALLURGLIA, July, 1961 


- 

2 

| 
ag 

| 

| age ey 

| 


ANNOTATED METALLOGRAPHIC SPECIMENS 
(Wide range of micro specimens with full descriptive notes) 


THE ELLOPOL ELECTROLYTIC POLISHER 
(P. A. Jacquet Method) 
NACHET MICROSCOPES 


SPECIMEN PREPARATION AND POLISHING 
EQUIPMENT 

DIAPLASTOL DIAMOND COMPOUND 

DURMAX AND LINDE ALUMINA 

METRON POLISHING CLOTHS 


END QUENCH UNIT 
HARDNESS TESTING MACHINES 


Write for details to 


METALLURGICAL 
SERVICES 


Cuprous oxide particles in Copper, x 400. Electrolytically polished with Ellopol apparatus Proprietors: Planned Products (Metallurgy) Ltd. 


3 RELIANT WORKS 
BETCHWORTH-SURREY-ENGLAND 


BY METALLURGICAL SERVICES percuworrn 2364 


THOMAS 
ANDREWS 


and COMPANY LIMITED 


HIGH-GRADE STEEL MAKERS 


“MONARCH”? SEES FERRO ALLOYS 


TOOL HOLDER BITS 


of 
“HARDENITE’’{ ator roo TUNGSTEN MOLYBDENUM 
VANADIUM & TITANIUM 
““HELVE”’ { CHISELS, PUNCHES. also 
PURE CHROMIUM 
AND MANGANESE 


THE HARDENITE STEEL COMPANY LIMITED 


Telephone Telegroms 
SHEFFIELD 22131 SHAFTING, SHEFFIELD, 4 


MINWORTH, SUTTON COLDFIELD, WARWICKSHIRE 
Telephone: Birmingham ASHfield 1114 
Telegrams: MINMET B’ham - Telex 33479 
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W. H. A. ROBERTSON & CO. LTD. 


SED FORD - EN GEAN 


~ AND HALLDEN FLYING SHEARS, 
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ICE FOR THE SUCTION | AND PLANETARY HOT 


Wild-Barfield A.H.F. equipment is used by Wolf Electric Tools, 
Ltd., (manufacturers of the well-known Wolfcub drills etc.), for 
the hardening and tempering of small gears, shafts and pinions. 
Many other industrial concerns have found that Wild-Barfield 
A.H.F. induction heating speeds production, saves space and 
offers savings all along the line. Our engineers will be glad to 
supply further details and explain how Wild-Barfield A.H.F. 


equipment can help you. 


E LD Induction heating speeds production 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 
ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS. Telephone: Watford 26091 (8 lines) 
WEB 64 
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